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Low Cost Mission Operations Workshop
Agenda
8:00 Welcome John R. Casani
8:10 Introduction
April 5: Gael F. Squibb
April 6: Esker K. Davis
April 7: Gael F. Squibb
8:20 Overview Gael F. Squibb
Mission Operations Element Briefings
9:00 Science Data Processing and Analysis William B. Green
10:00 Mission Design, Planning, and Sequencing Dr. Thomas W. Starbird
11:30 Lunch
12:30 Data Transport and Delivery Robert E. Edelson
13:30 Mission Coordination and Engineering Analysis Michael H. Hill
14:30 Summary Gael F. Squibb
15:30 Panel Discussion Gael F. Squibb,
Moderator
16:30 Unscripted Demos
18:00 End of Day

JPL
Low Cost Mission Operations Workshop
OVERVIEW
Gael F. Squibb
Manager: Flight Projects Mission Operations
Development Program Office
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JPL OVERVIEW
OUTLINE
DERNITION OF MISSION OPERATIONS (OPS)
MISSION OPERATIONS (MOS) ELEMENTS
THE OPERATIONS CONCEPT
MISSION OPERATIONS FOR TWO CLASSES OF MISSIONS
- OPERATIONALLY SIMPLE
- OPERATIONALLY COMPLEX
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JPL DEFINITION OF MISSION OPERATIONS
A MISSION OPERATIONS SYSTEM IS COMPOSED OF:
- THE GROUND DATA SYSTEM (GDS)
• HARDWARE AND SOFTWARE LOCATED ON THE GROUND
AND SOFTWARE LOCATED IN THE SPACECRAFT (S/C)
USED TO
- CONTROL THE SPACECRAFT AND SCIENCE
INSTRUMENTS
- PROCESS INFORMATION FROM THE SPACECRAFT
AND SCIENCE INSTRUMENTS
- THE OPERATIONS ORGANIZATION
• THE PEOPLE AND PROCEDURES USED TO
- CONTROL THE SPACECRAFT AND SCIENCE
INSTRUMENTS
- PROCESS INFORMATION FROM THE SPACECRAFT
AND SCIENCE INSTRUMENTS
I, Jv r.e_l m- doe OpGnal._ Wu, lud0ep
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JPL MISSION OPERATIONS PROCESSES
I
TWO MAJOR PROCESSES
- UPUNK PROCESS (U/L)
- DOWNUNK PROCESS (D/L)
THESE PROCESSES ARE UNKED TOGETHER
- ON ONE END WITH THE DATA TRANSPORT AND DEUVERY
SYSTEM THAT IS USED TO COMMAND THE SATELLITE AND TO
RECEIVE ITS TELEMETRY
- THE RECEIVED DATA OFTEN CHANGES THE MISSION PLAN
AND/OR SEQUENCES
I,mv _ l.,,da,m Ol,_.,.,_oan. Wm'lu_nl,,,p
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JPL OVERVIEW
OUTLINE
,ml .
DEFINITION OF MISSION OPERATIONS (OPS)
MISSION OPERATIONS (MOS) ELEMENTS
THE OPERATIONS CONCEPT
MISSION OPERATIONS FOR TWO CLASSES OF MISSIONS
- OPERATIONALLY SIMPLE
- OPERATIONALLY COMPLEX
L_ IIJv _ NIb_l_ qPp_aalLo_Wai_kdm_lp
_S - 7
JPL MISSION OPERATIONS ELEMENTS
i
NINE GENERIC ELEMENTS DESCRIBE THESE PROCESSES
- FIVE OF THESE NINE ELEMENTS DEAL WITH BOTH THE
UPUNK AND DOWNUNK PROCESSES
NOTE: TODAY'S USER IS, OR MAY BE, INVOLVED IN
NEARLY EVERY ASPECT OF OPERATIONS, SO WE NO
LONGER SHOW A USER / SCIENTIST BOX OR ELEMENT
Imv _ Ibdoe qPlU_mlll_l W_
JilL THE NINE MISSION OPERATIONS ELEMENTS
1. MISSION PLANNING
2. SEQUENCE DEVELOPMENT
3. MISSION CONTROL
4. DATA TRANSPORT AND DEMVERY
5. NAVIGATION
6. SPACECRAFT (S/C) PLANNING AND ANALYSIS
7. SCIENCE PLANNING AND ANALYSIS
8. SCIENCE DATA PROCESSING
9. ARCHIVING
mmmm_j l'ev C4meIIIIbJdo8 el_'allee's Wu'l_JeSD
JPl. SYSTEM OVERVIEW
JPL COMBINING THE NINE ELEMENTS
THE ELEMENTS CAN BE COMBINED DEPENDING ON
- THE COMPLEXITY OF THE MISSION
- THE SPACECRAFT
- THE INSTRUMENT
• COMBINING ELEMENTS CAN TAKE PLACE IN THE GROUND
DATA SYSTEM, THE OPERATIONS ORGANIZATION, OR BOTH
CURRENT MISSIONS ARE COMBINING THE NINE ELEMENTS
INTO A SYSTEM THAT PERFORMS THE SAME FUNCTIONS,
BUT WITH FEWER ELEMENTS
- STAFF ARE PERFORMING MULTIPLE FUNCTIONS, CROSSING
TRADmONAL ORGANIZATIONAL BOUNDARIES
• VOYAGER AND MARS PATHFINDER BOTH HAVE
OPERATIONS ORGANIZATIONS WITH TWO TEAMS
_ Ul_d,a_ qh_'dow W_.dnalN_p
JPL SYSTEM OVERVIEW - COMBINING ELEMENTS
JPL ELEMENT DESCRIPTIONS
FOR EACH OF THE NINE ELEMENTS
- INPUT, FUNCTION, AND OUTPUT CHARTS ARE INCLUDED AT
THE END OF THIS PRESENTATION
THESE CHARTS ARE A BASIC CHECKUST TO ENSURE
THAT A MISSION HAS INCLUDED ALL OPERATIONS
PROCESSES REQUIRED
Ira, ted IWk_ ep_aSua We_ud.m GFS- 13
JPL 2. SEQUENCE DEVELOPMENT
INPUTS
PLAN OR MODIRED
PLAN
MISSION RULES
FI._,HT RULES
MISSION _ PLAN
SEQUENCE REQUESTS
HSSlON
SPACECRAFT
I/STRUMENT
FUNCTIONS
PRE-LAUNCH
VERIFY CAPABILITY TO GENERATE FLIGHT
SEQUENCES
GENERATE HIGH ACTIVITY/CRITICAL PERIOD
SEQUENCES ANO TEST OR FLIGHT SYS1T:M
SOMETIMES USED TO GENERATE SYSTEM
INTEGRATION AND TEST SEQUENCES
POST-LAUNCH
INTEGRATION OF MISS_(_H PHASE PLAN WITH
CURRENT REQUESTS FROM MISSION CONTROL
SPACECRAFT AND INSTRUMENT TEAMS
INSTRUIf.NT AND SPACECRAFT PARAMETER
GENERATION
DETAILED SEQUENCE GENERATION
VALID COMMANDS
MIS_ON RULE CHECKS
TIMELJNE GENERATION
SEQUENCE REVIEW AND APPROVAL
SIMULATION OF SOME SEQUENCES
SYSTEM & SUBSYSTEM ANALYSIS OF SEQUENCE
COkgAAND LOAD PRODUCT GENERATION
PLANNED REAL-TIME COMMAND GENERATION
AS-FLOWN SEQUENCE OF EVENTS GENERATION
L.vCe.tmJd.e _ W.t_,.t,
OUTPUTS
DETAILED
SEOUENCES
TBEUNES
COMMAND LOAD
GIPS- 14
JPL PREVIEW OF LOW COST CONCEPT
THE FOLLOWING DISCUSSION ALONG WITH THE ELEMENT
PRESENTATIONS WILL SHOW APPROACHES WHICH WILL
LEAD TO A LOW COST MISSION OPERATIONS SYSTEM
MARS PATHFINDER HAS FOLLOWED MOST OF THESE
CONCEPTS
THE TOTAL DEVELOPMENT COST FOR THE GROUND DATA
SYSTEM
- $5.9 MILLION
- APPROXIMATELY 4% OF THE $150 MILLION DEVELOPMENT
COST
- PAST MISSIONS HAVE SPENT 10% TO 15%
IA,vceee JaJ.a.e epe.e.,,. W,a._tep
JPL ALLOCATION TO MOS ELEMENTS
• OPERATIONS CONCEPT INPUT ATTRIBUTES
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JPL OVERVIEW
OUTLINE
•
DEFINITION OF MISSION OPERATIONS (OPS)
MISSION OPERATIONS (MOS) ELEMENTS
THE OPERATIONS CONCEPT
MISSION OPERATIONS FOR TWO CLASSES OF MISSIONS
- OPERATIONALLY SIMPLE
- OPERATIONALLY COMPLEX
L.wCoJeiS.dee Oper.aN.We,r_top
JPL WHAT MUST THE ELEMENTS DOFOR A GIVEN MISSION
THE OPERATIONS CONCEPT ENABLES A MISSION TO
MINIMIZE UFE CYCLE COSTS
DEVELOPING AN OPERATIONS CONCEPT IS A PROCESS
THAT INVOLVES MULTIPLE DISCIPLINES, WORKING
TOGETHER TO DESCRIBE (IN THE SYSTEM USER'S TERMS)
THE OPERATIONAL ATTRIBUTES OF ALL ELEMENTS OF
THE SYSTEM
b_ c_ m,da, e_,mm Ihd,,]_ GFS- _8
JPL OPERATIONS CONCEPT
ATTRIBUTES
STRESSES THE WAY THE SYSTEM WILL BE OPERATED AND
USED (OPERATIONAL CHARACTERISTICS) AND IN TERMS
THAT ARE UNDERSTOOD BY THE OPERATORS OF THE
SYSTEM AND THE RECIPIENTS OF THE DATA FROM THE
SYSTEM
FOCUSES ON AREAS THATARE
- NOT UNDERSTOOD
-CONTROVERSIAL
- DRIVERS FORTHESYSTEM
FOSTERS A COMMON UNDERSTANDING OF PROCESSES
AMONG DIVERSE ELEMENTS OF A PROJECT
_ _ m"_'nean el_Jm Ww'lnaloelB -19
JPL AN OPERATIONS CONCEPT CONSIDERSBOTH FLIGHT & GROUND ELEMENTS
FLIGHT SEGMENT
DATA CAPTURE
&
ACCOUNTABILITY
DA,A mNG
SPACECRAFT
CONTROL
AVIONICS
INSTRUMENT
DATA HANDLING
SPACECRAFT
MARGIICS
L.vCedmJdeeOp_.au. W..4_tep
GROUNDSEGMENT
GPS- 20
JPL DEVELOPING AN OPERATIONS CONCEPT
OPERATIONS CONCEPT INPUTS
mSSmNSCOPF_
OBJECTIVES, AND
SCENCE REQUIREEENTS
MISSION PLAN
PROGRAMMATIC
MIS_ON PHILO6OPHIES,
STRATEGIES, & TACTICS
INSTRUMENT
CHARACTERISTICS
_I3ACEaRA FT
CHARACTERI_'K_
END-TO-END INFORMATION
SYSTEM (EELS)
CHARACTERISTICS
GROUND SYSTEM
CHARACTERISTICS
END LISER_ DATA
PROOUCT DEFINITION
PROCESS OUTPUTS
OPERAllONAL
SCENARIOS
DATA FLOW
DIAGRAMS
TmlEUNES
ORGANIZATION
AND TEAM
RESPONSIBILITIES
REQUIREMENTS AND
DERIVED REQUIREMENTS
COST FOR A GNEN
SET OF INPUTS
GFS- 21
JPL DEVELOPING AN OPERATIONS CONCEPT
THE PROCESS
INPUTS
...h_ m oesm - ..
FOR sr=LECTF=D
IJt_.JllE T_ &
DATA_ ....................... -.:.:.:: -_ : :'-'- m =":"" /
b,,, ¢.,_ m,,d,m q, mvs._ w,s.k,aq,
.. otrrPUTS
JPL
EXAMPLEADVANCEDX-RAYASTROPHYS,CSFAClL 
SCENARIO
OPERAIIONS CONTROL
CENTER (OCC)
OK
IL,,v_ uru,_,m egm.aUeu Wer'*ab,q,
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JPL EXAMPLE AXAF SCENARIO
DATA RECEIPT AND EDITING
1. THE ASC RECEIVES THE MERGED TELEMETRY, VIERIRES COMPLETENESS
AND READABILITY, AND CONDUCTS uMrr CHECKS AND OTHER DATA
QUALITY TESTS AS A SCREENING FUNCTION.
2. THE ASC EITHER INFORMS THE OCC THAT THE DATA WAS RECEIVED
CORRECTLY OR REQUESTS DATA RE-TRANSMISSION.
3. THE ASC RECEIVES ANCILLARY DATA (EPHEMERIS AND OTHER RELEVANT
NON-TELEMETRY DATA) UPDATES FROM THE OCC VIA THE OPERATIONS
DATABASE.
4. THE ASC DECOMMUTATES AND FURTHER PROCESSES THE TELEMETRY;
ASSOCIATES DATA SEGMENTS WITH POINTINGS, OBSERVATIONS, AND
INSTRUMEHTS; AND EDITS AND CHECKS THE DATA.
- DATA GATHERED FROM SPUT OBSERVATIONS ARE ASSOCIATED AND
ACCUMULATEI_
THE ASC CONCATENATES ALJLDATA 9EGkEN?S FOR INDIVIDUAL OBSERVATIONS
TO FORM LEVEL 0 TELEMETRY AND THAT OBSERVATION'S STATUS IS UPDATED.
- THE PROCF..q_NG SEQ(J_ IS CONFIGURED, PARAIdEllERS ARE SET, AND THE
PROCESSING IS INFI1ATED.
S. THE ASC ARCHIVES THE PROCESSED TELEMETRY AND UPDATED
ANCILLARY DATA AS LEVEL 0 PRODUCTS AND PROCEEDS TO LEVEL 1
PROCESSING.
.llmf Ca,alNlbd_ Olin'diem,a,W,odUlU_p
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JPL EXAMPLE AXAF DATA FLOW DIAGRAM
I,,,n,vqDul mIm_mN,ep_nllo_ W_,l,alb.jp
JPL OVERVIEW
OUTLINE
DERNITION OF MISSION OPERATIONS (OPS)
MISSION OPERATIONS (MOS) ELEMENTS
THE OPERATIONS CONCEPT
MISSION OPERATIONS FOR TWO CLASSES OF MISSIONS
- OPERATIONALLY SIMPLE
- OPERATIONALLY COMPLEX
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JPL AN OPERATIONALLY SIMPLE MISSION
MISSION SCOPE, OBJECTIVES, AND SCIENCE REQUIREMENTS
THE PURPOSE OF THIS MISSION IS TO STUDY THE PROPERTIES
OF THE SOLAR WIND FOR A PERIOD OF TWO YEARS, FROM A
LOCATION OUTSIDE THE EARTH'S BOW SHOCK
A HALO ORBIT ABOUT THE L1 EARTH-SUN UBRATION POINT
WAS SELECTED TO MEET THAT MINIMUM REQUIREMENT,
WHILE MINIMIZING COMMUNICATIONS REQUIREMENTS AND
TRAJECTORY COMPLEXITY
THE INSTRUMENTS MUST FACE INTO THE AVERAGE DIRECTION
OF ARRIVAL OF THE SOLAR WIND RELATIVE TO THE
SPACECRAFT, WHOSE 30 kmJs MOTION PERPENDICULAR TO
THE SOLAR RADIUS DIRECTION CANNOT BE IGNORED; THIS
LEADS TO THE REQUIREMENT THAT THE SPACECRAFT SPIN
AXIS POINT 4° AHEAD OF THE SUN
i,o,v ¢o_a llbd_ Ol_,adl_ W_wkadM,Ip
GF'S. 27
JPL AN OPERATIONALLY COMPLEX MISSION
MISSION SCOPE, OBJECTIVES, AND SCIENCE REQUIREMENTS
• THE PURPOSE OF THIS MISSION IS TO RENDEZVOUS WITH A
SHORT-PERIOD COMET, TO STUDY ITS SURFACE MORPHOLOGY
AND COMPOSITION WITH REMOTE-SENSING INSTRUMENTS, AND
THEN TO GRAB A SAMPLE OF SURFACE MATERIAL FOR
ANALYSIS ONBOARD THE SPACECRAFT
IT IS ASSUMED THAT THE ONLY WAY TO RENDEZVOUS WITH
THE TARGET, GIVEN THE AVAILABLE LAUNCH VEHICLES FOR
THE MISSION, IS VIA DELTA VEGA TRAJECTORIES
IT IS FURTHER ASSUMED THAT THE BODY IS SMALL AND
IRREGULAR, ITS SPIN VECTOR IS NOT KNOWN, AND ITS
EPHEMERIS IS NOT WELL KNOWN A PRIORI
FURTHERMORE, THE FICTITIOUS COMET IS KNOWN TO BE
WEAKLY AND IRREGULARLY ACTIVE, SO CERTAIN SAFEGUARDS
(OR RETREAT STRATEGIES) MUST BE BUILT INTO THE
SCENARIO FOR THE CLOSE APPROACH REQUIRED TO GET THE
SAMPLE
ii4,v Cul mul,a_ q_l_,adlleu Wew_UiN,p GFS-2a
JPL OPERATIONS CONCEPT INPUTS
MISSION PLAN
Sinale Fixed Launch Pqt9d requires
MORE contingency / reserves to ensure
launch readiness of MOS.
¥L
Characteristic determinatio n of primary
target to achieve mission objectives
Site selactJon resulted to achieve
mission objectives
- DMa analysis leeds to new SeClUenC_
Ontlcal Naviaation required to achieve/
follow mission plan
- Addlllonai sequences and analysis
Automated (onboard| taraet acaulsitlon
- Addltkmai development costs and
operations testing / maintenance
L.,wCeet mJdoa Op_tesJ Werk,dtop
VII.
VS.
VS.
VS.
Flexible Launch Period
Data Collection Mission
Data Collection Mission
Angles and Doppler
Data Collection Mission
GFS-29
JPL OPERATIONS CONCEPT INPUTS
PROGRAMMATIC
Assumed the same programmatic guidelines
L.v c.,., m.d,= *p....m,w W..._,_ GFS. 30
JilL OPERATIONS CONCEPT INPUTS
MISSION PHILOSOPHIES, STRATEGIES, AND TACTICS
Assumed same mission philosophies, strategies, and tactics
I,.,w Ced ]lbdoa Opu'Jdhw Wwkal,.,l, .31
Jill OPERATIONS CONCEPT INPUTS
INSTRUMENT CHARACTERISTICS
COMPLEX
instrument pointing required
- Planning anftvmm
- Sequencing Imflware
- Pointing reconstruction software
Spacecraft pointing control and
stability requirements
- Calibration sequencm and analysis
Instrument control by ground-
generated sequences
- Sequence generation and validation
capabilities required
vs,
vs.
VS.
SIMPLE
Spinner, no Instrument
pointing requirements
Spinner
Autonomous Instrument
mode changes
Lsv r..,_ nu.d.,, ah,..as._ Wo,rk.n,_ GFS. -_,
JPL OPERATIONS CONCEPTINPUTS
SPACECRAFT CHARACTERISTICS
COMPL_ SIMPLE
Pointing control end stability vs. Spinner
- See Instrument Characteristics slide
Margins
- Zero to nogstJvo margins
• Sequence vstidltfon at
subsystem level
• Manpower and m)ftwam costs
- High-gain X-band
• Pointing required for dumps
• Data mode changes for weather
Increased Imquence
complexity
- Data rate requirements vs. Single fixed
• Multiple eslectable to maximum
data mtum
vs Positive margins
vt Low-gsin S-band
Subsystem Interactions
- Multiple interactions
VS. Positive margin and no
interaction
GFS- 33
JIlL OPERATIONS CONCEPTINPUTS
END-TO-END INFORMATION SYSTEM (EELS) CHARACTERISTICS:
UPLINK
coup_x
Spacecraft conformity to MOS vs.
existing Interface and command
capabilities
- Altows mm of existing capabilities
Instrument genwation capabilities vs.
greater than recorder storage
capabilities for one week
- Moat monitor reccwderstorage
state j_ require moretracking
m
Sequences determined from data vs.
closed loop process
- Tim criticality function of mission
plan
Margin analysis required vs.
1.v cN, mJdee Operd._ Wedud,.p
SIMPLE
New concepts not yet
implemented in MOS
Positive margin
Data collection and analysis
mission
Positive margin
GPS- 34
JPL OPERATIONS CONCEPT INPUTS
i i
END-TO-END INFORMATION SYSTEM (EELS) CHARACTERISTICS:
DOWNLINK
COMPLEX SIMPLE
Conform to CCSDS standards vs. Same
- Allows use of existing MOS
capabilities
Margin analyses required
Health end safely based on
predicts
VS.
VS.
Positive margin
Predicts not required since
sequences will not drive health
and safety
L,an,wCuala,d_ S'lpa'all,m_ Wwlu,m_Mm
JPL OPERATIONS CONCEPT INPUTS
GROUND SYSTEM CHARACTERISTICS
COMPLEX SIMPLE
Spacecraft compatibility with vs. Same
ground system capabilities and
interfaces
Navigation accuracy requiring
specialized sequences and data
gathering
Sequencing complexity
VS.
VL
Simple navigation process
Simple or autonomous
sequencing
JPL OPERATIONS CONCEPT INPUTS
END USER'S DATA PRODUCT DEFINITION
• Similar requirements for both
• Nothing special
• No drivers that exceed MOS capabilities
II,a,v Ca,a/NIBNiou, Ol,,_'a,lllama, W,un'kadH,p GFS - 37
JPL FOUR ADDITIONAL ELEMENTS
FOUR ADDITIONAL ELEMENTS NEED TO BE CONSIDERED
FOR THE SUCCESSFUL DEVELOPMENT, IMPLEMENTATION,
AND OPERATION OF A MISSION OPERATION SYSTEM,
WHICH ARE NOT DISCUSSED TODAY
- SYSTEM ENGINEERING, INTEGRATION, AND TEST
- COMPUTERS AND COMMUNICATION SUPPORT
- DEVELOPMENT AND MAINTENANCE
- MANAGEMENT
L,v Co_m.d.,, ep.naumw.rk+n,.n,
JPL
MANAGEMENT 13
I ,1 COMPUTER & COMMUNICATION SUPPORT I
IL,evCea4laHhan q_p_d_uu, W,u'kdNtlp _:S.X,
JPL ELEMENT BRIEFINGS
SCIENCE DATA PROCESSING
MOS Elements 8 and 9
MISSION PLANNING and SEQUENCING
MOS Bements I and 2
MISSION DATA TRANSPORT and DELIVERY
MOS Bement 4
MISSION COORDINATION and
ENGINEERING ANALYSIS
MOS Bements 3, 5, 6, and 7
William B. Green
Dr. Thomas W. Starbird
Robert Edelson
Michael H. Hill
Na,v _ 116.ulLomOim.lou Wu.kdM,p
JPL ELEMENT BRIEFING OVERVIEW
THE ELEMENT BRIERNGS AND THE ASSOCIATED
DEMONSTRATIONS WILL:
- DISCUSS MULTIMISSION SOFTWARE CAPABIUTIES
• ADAPTATION REQUIRED FOR A SPECIFIC MISSION
- OPERATIONS SERVICES AVAILABLE
THE THEMES OF THESE ELEMENT BRIEFINGS
- JPL HAS THE ABILITY TO IMPLEMENT AND OPERATE A
MISSION OPERATIONS SYSTEM FOR A MISSION
- THE CAPABILITIES FOR MANY OF THE MISSION OPERATIONS
ELEMENTS MAY BE DEUVERED TO A P.I. FOR USE AT HIS/HER
LOCATION
- THE P.I. MAY PERFORM A FUNCTION AT HIS/HER LOCATION
AND INTERFACE WITH JPL CAPABIUTIES BY COMPLYING
WITH INTERFACE DEFINITIONS

Jill
DETAILED INFORMATION NOT PRESENTED
b,v cod mJdee Opa.saeu W_ @FS-1
JPt. THE 13 MOS ELEMENTS
1. Mbslon Planning and Integration
2. Sequence Development
3. Mission Control
4. Data Transport and Delivery
S. Navigation
6. Spacecrafl Planning and Analysis
7. Science Planning and Analysis
8. Science Data Processing
9. Archlving and Mission Database
10. System Engineering Integration and Test
11. Computers and Communication Support
12. Development and Maintenance
13. Management
Ira, ceetabdoe Ope,aew W_ GF$-2
JPI. 1. MISSION PLANNING AND INTEGRATION
INPUTS FUNCT_NS
OUTPUTS
M_._ON OBJECTNES
SCENCE REOUIREMENrS
SATELLITE CAPABILITIES
MOS CAPABILITIES
GOALS & VISIONS
CUSTOkER
SCENTL_rs
PROJECT MGT.
SPACECRAFT DESIGNERS
INSTRUMENT DESIGNERS
STATUS vs PLAN
SPACECRAFT
INSTRUMENT
POSITION LOCATION
_ CONTROL
PRE-LAUNCH
MISSION PLAN GENERATION
DESCRIPTION OF MISSION PHASES
MISSION RULES DEVELOPMENT
ITEMS THAT MUST BE CHECKED DURING
SEQUENCE GENERATION
MISSION PHASE PLAN (In both sequence and
_m_no form)
TOP LEVEL SIEQUENC_ FOR EACH
MISSION PHASE
INTEGRATION OF SCENCE AND
ENGINEERING REQUESTS
LONG-RANGE DSN SCI'IEDUUNG
POST-LAUNCH
ASSESSMENT OF ACHIEVEMENTS VS PLAN
UPOATES TO PLAN
UPDATES TO MISSION RULES
PRE-LAUNCH
MISSION PLAN
M_ON RULES
BBS_ON PHASE
PLAN
MODIFIED PLAN I
RULES
low _ ]lbdoan O'pGrdhNmWm'kdmlp _-3
JPt. 2. SEQUENCE DEVELOPMENT
INPUTS
PLAN OR MODIRED
PLAN
MISSION RULES
FLIGHT RULES
MISSION I:'ItASE PI.AN
SEQUENCE REQUESTS
MISSION CONTROL
SPACECRAFT
INSTRUMENT
FUNCTIONS
PRE-LAUI/CH
VERIFY CAPABILITY TO GENERATE FLIGHT
SEQUENCES
GENERATE HIGH ACTNITY I CRITICAL PERIOD
SEQUENCES AND TEST OR FLIGHT SYSTEM
SOMETIMES USED TO GENERATE SYSTEM
ICrEGRATION AND TEST SEQUENCES
POST-LAUNCH
INTEGRATION OF MISSION PHASE PLAN WITH
CURRENT REQUESTS FROM ImSSION CONTROL
SPACECRAFT AND INSTRUMENT TEAMS
INSTRUMENT AND SPACECRAFT PARAMETER
GENERATION
DETAILED SEQUENCE GENERATION
VAUD COMMANDS
MISSION RULE CkECKS
TIMEUNE GENERATION
SEQUENCE REVIEW AND APPROVAL
S;MULATION OF SOME SEQUENCES
SYSTEM & SUBSYSTEM ANALYSIS OF SEQUENCE
COMMAND LOAD PROOUCT GENERATION
PLANNED REAL-TIME COMMAND GENERATION
AS-FLOWN SEQUENCE OF EVENTS GENERATION
t,,w c._ m.._. op.nb,m w..q_
DETAILED
SEQUENCES
_NES
COMMAND LOAD
IN MNEMONIC
FORM
GFS-4
JPL 3. MISSION CONTROL
INPUTS FUNCTIONS
PRE-LAUNCH
PREPARE BASELINE PROCEDURES
VALIDATE REAL-TIME CAPABILITIES
COMMAND
TELEMETRY
ALARM CHECKING
VAUDATE CAPABILITY TO CONFIGURE, CONTROL.
AND MONITOR THE GROUND SYSTEM.
SUPPORT INTEGRATION • TEST
PO6T-LAUNCH
UPUNK
CONVERSION OF MNEMONICS TO BINARY CIE)S
REAL-TIME PASS SUPPORT
R/T COMMANDS
COMMAND LOADS
DOWNLINK
HEALTH & SAFETY MONITORING
TELEMETRY MEASUREMENTS VS ALARMS
ONBOARD MEMORY READOUT AND
VEBIFICATION
COOROtNAlrlON
SHORT-TERM I)SN SCHEDUUNG
GENERATION OF INTEGRATED FUGHT/GRD SEQ
MONITOR / CONTROL R/T GROUND DATA SYSTEM
COORDINATE INS'nTUTIONAL SUPPORT
VAUDATE CONFIGURATION & I,K_TOR
PERFORMANCE
bw c._ m,.hm _,dh=. W.du,b_
PLANS
SEOUENCES
uMrrs
SPACECRAFT
INSTRUMENT
POSITION LOCATION
COMMAND RLES
REAL-TIME DATA
TELEMETRY
GROUND DATA
SYSTEM (GDS)
MONITOR
OUTPUTS
PASS REPORTS
ALARMS
SPACECRAFT
INSTRUMENT
POSITION
INTEGRATED
SEQUENCE OF
EVENTS
Gd:S- 5
JPL 4. DATA TRANSPORT AND DELIVERY
INPUTS
ANTENNA PREDICTS
BINARY COMMANDS
GROUND SEQUENCES
PREDICTS
FUNCTIONS
_ ¢.v m../., q,.ne.,,, w,._
OUTPUTS
TELEMETRY DATA
TRACKING DATE
TRACKING PASS
REPORTS
STATION OOC
REPORTS
ENG ! SCENCE
DATA TO
MISSION
DATABASE
GFS-$
Jill. 4. DATA TRANSPORT AND DELIVERY
INPUTS _ OUTPUTS
] __X (PEAL'rIME) I
I uPu.x I
AmT=.NAPREOCrSI RECEPT_NOFCOMMANDMESSAGESFROMTHE I TELEMETRY
I MISSION DATABASE I DATA
BINARY COMMANDS I TRANSMISSION OF COMMANDS •
I Oow.u.x | TNACK_
GROUND SEQUENCES I ACQUISITION OF SIGNAL AND TWO-WAY I DATE
I COMMUN_T_NS ESTABUSHED •
FUF PREDICTS I RECEPTION OF TELEMETRY I TR__._C_.ING
I DECOD,_ I
I DECOmSTAT_APmPACKErEXl"RAC.O. I STA_OROOC
I (CCSDSSTANDARDS) I REPORTs
I DATA QUALITY ANS COMPLETENESS DETERMINA13ON •
I DISPLAY AND CONVERSION OF TELEMETRY CHANNELS1 ENG/SCIENCE
I GENERATION OF ANGLE AND DOPPLER . I DATATO
TRACKING DATA _.Tim:_.l_.._...
I TRANSMISSION OF DATA TO CONTROL CF.JCTER/ I
I SC_EN_ST I
I POF,ULATIONOFPROJECTDATABASE I
II,am Cut II,a_doe _,."i Ww,lludNpF
JPL, 4. DATA TRANSPORT AND DELIVERY
ANTENNA PREDICTS
BINARY COMMANDS
GROUND SEQUENCES
R/F PREDICTS
FUNCTIONS
POST-LAUNCH (NONREAL-TIME)
PROCESSING OF DUMP DATA, F DATA RATE
GREATER THAN BANDWIDTH TO CONTROL CENTER
DATA QUALITY AND COMPLETENESS
DETERMINATION
ENGINEERING DATA RECORD GENERATION
INSTRUMENT DATA RECORD G_RATION
IL,w ¢,a_ IIIluiom Olm,/Io_ W_adnJCM,l,
OUTPUTS
TELEMETRY DATA
TRACKING DATE
TRACKING PASS
REPORTS
STATION QQC
REPORTS
ENG I SCIENCE
DATA TO
MISSION
DATABASE
GFS-|
JPL 5. NAVIGATION
INPUTS
TRACKING DATA
STATION PASS DATA
FUNCTIONS
IRE-LAUNCH
TEST AND VAUDATE SYSTEM
SUPPORT PRE-LAUNCH MISSION DESIGN ACTIVITIES
POST-LAUNCH
UPUNK
UPUNK CARRIER REQUIRED FOR OOPPLER
MANEUVER DESIGN
DOWNUNK
ORBIT DETERMINATION
TRAJECTORY ANALYSIS
MANEUVER ANALYSIS
A'n'ITUDE I POINTING DETERMINATION AND
PLANNING
GENERATE ANO RE-GENERATE
TRAJECTORIES
low Cut Illl_l_ eF_dm W_
OUTPUTS
TRAJECTORIES
MANEUVER DESIGN
ATTITUDE
RECONSTRUCTION
GFS-9
JPL
INPUTS
CHANNELIZED
TELEMETRY DATA
PLANS
SEQUENCES
ALARMS ! PASS
REPORTS
MANEUVER DESIGNS
6. SPACECRAFT PLANNING AND ANALYSIS
FUNCTIONS
OUTPUTS
FLIGHT RULES
SPACECRAFT
STATUS VS
PLAN
SPACECRAFT
SEQUENCE
REQUESTS
PROCESSED
SPACECRAFT
DATA
GFS- 10
PRE-LAUNCH
TEST AND VAUDATE SYSTEM
PARTICIPATE IN SATELLITE SYSTEM TESTS
GENERATE SPACECRAFT ALARM UMITS
GENERATE FLIGHT RULES
GENERATE SPACECRAFT CAUBRATION FILES
POSl"4.AUNCH
TYPICALLY, REAL-TIME MONITORING IS DONE BY IISSION
CONTROL; SPACECRAFT PLANNING AND ANALYSIS IS
0ONE IN NONREAL-TIME
UPUICK
MISSION PLANNING AND SEQUENCE SUPPORT
DOWNUNK
CALIBRATION SUPPORT
SPACECRAFT ASSESSMENT
TREND ANALYSIS
ENGINEERING CALIBRATION ANALYSIS
SPACIECRAFT FLIGHT SOFTWARE ASSESSMENT
AND MAINTENANCE
ANOMALY INVESTIGATION
LEAD
SUPPORT
_ _,_n,m On_,adlum WGa,,lu_loq_
SPACECRAFT
LIMITS
JPL 7. SCIENCE PLANNING AND ANALYSIS
FUNCTIONS
INPUTS
INSTRUMENT DATA
PLANS
SEQUENCES
ALARMS / PASS
REPORTS
PRE.LAUNCH
TEST AND VAUDATE SYSTEM
PARTICIPATE IN SATELLITE SYSTEM TESTS
GENERATE INSTRUMENT LIIAqTS
GENERATE INSTRUMENT CAUBHATION FILES
POST-LAUNCH
TYPICALLY, REAL-TIME MONITORING IS DONE BY
MISSION CONTROL; INSTRUMENT PLANNING AND
ANALYSIS IS DONE IN NONREAL.TIME
UPUNK
MISSION PLANNING / SEQUENCE SUPPORT
DOWNLINK
INSTRUMENT ASSESSMENT
QUICK LOOK ANALYSIS
CALIBRATION ANALYSIS
TREND ANALYSIS
INSTRUMENT FUGHT SOFTWARE ASSESSMENT AND
ANALYSIS
ANOMALY INVESTIGATION
LEAD
SUPPORT
OUTPUTS
INSTRUMENT
STATUS VS
PLAN
INSTRUMENT
LIMITS
INSTRUMENT
SEQUENCE
REQUESTS
PROCESSED
INSTRUMENT
DATA
GFS .11
Jill 8. SCIENCE DATA PROCESSING
INPUTS
INSTRUMENT PACKET
DATA
ANCILLARY DATA
(SPICE KERNELS)
ENGINEERING DATA
PREDICT DATA
_m Lmf _ msd
FUNCTIONS
DECOMPRESSION (IF REQUIRED)
DOWNUNK
AGGREGATION OF PACKET LEVEL DATA INTO INSTRUMENT
DATA RECOROS (LEVEL 0)
CORRELATION OF INSTRUMENT DATA RECOROS WITH
ANCILLARY AND ENGINEERING DATA
GENERATION OF INSTRUMENT DATA CATALOGS AND
INDEXES
GENERATION OF HIGHER LEVEL SCIENCE DATA RECOROS
(LEVEL 1 AND ABOVE)
PREPARATION OF ARCHNAL DATA RECORDS FOR
DEJJVERY TO THE PLANETARY DATA SYSTEM (PDS) AND
NSSOC
DATA ANALYSIS
PUBLIC INFORMATION OFFICE PRESS RELEASE
PREPARA'RON
INSTRUMENT PERFORMANCE ANALYSIS
OUTPUTS
DEVIATIONS FROM
MISSION PLAN
ARCHIVAL DATA
RECORDS
HARD COPY
PRODUCTS
PRESS RELEASES
INSTRUMENT
CALIBRATION
FILE UPDATES
GFS - 12
JPL 9. ARCHIVING AND MISSION DATABASE
INPUTS
TIM DATA
PROCESSED DATA
FROM MOS
ELEMENTS
FINAL SCIENCE
PRODUCTS FROM
P.L_
FUNCTIGNS
PRE-LAUNCH
REPOSrfORY OF CONTROLLED fliES
TELEMETRY DICTIONARy
COMMAND DICTIONARY
POST4.AUNCH
DOWNUNK:
DEPOSrrOFIY FOR:
ORIGINAL DATA RECORDS
PROJECT DATABASE OF CHANNELIZED DATA
LEVEL 1 PRODUCTS
PROCESSED DATA
TYPES OF ARCHIVES
CODMAC REPORT. DATA ARCHWED WITH
USERS WHO USE THE DATA
DORMANT ARCHIVES: AFTER USE OF DATA
HAS BEER COMPLETED
Lowc..e m,,dee Ope.vie_ W.d.d,ep
OUTPUTS
ARCHIVEDDATA
TO MOS
ELEMENTS&
SCr:NllSTS
PLANETARY DATA
FECAL ARCHIVE
IS MISSION
DATABASE
GFS- 13
JPL10. SYSTEM ENGINEERING INTEGRATION AND TEST
_PUTS
PROJECT
REQUIREMENTS
OPS CONCEPT
DATA FLOW
DIAGRAMS
FUNCTK_MS
GROUND DATA SYSTEM ENGINEERING SUPPORT
RECEIVED FROM ALL MOS ELEMENTS
GROUND DATA SYSTEM INTEGRATION
MISSION SIMULATION, TEST, AND TRAINING SUPPORT
SYSTEM PERFORMANCE EVALUATION
GENERATION ANO MAINTENANCE OF SOFTWARE
INTERFACE SPECIFICATIONS
NETWORK SECURITY
r.,v c.., modu Op.rd._ w.duaep
04.rrPuTS
INTEGRATION &
TEST PLAN
TRAINING PLAN
PROCEDURES
SOFTWARE
INTERFACE
SPECIFICATIONS
SECURITY PLANS
& TESTS
GF$ - 14
J_:IL 11. COMPUTERS AND COMMUNICATION SUPPORT
INPUTS
DATA FLOW
DIAGRAMS
COMPUTER/
WORKSTATION
REQUIREMENTS
NETWORIONG & DATA
COMMUNICATION
REQUIREMENTS
VOICE
COMMI,,.nNICATION
REQUIREMENTS
FUNCTIONS
[ ACQUISITION, INSTALLATION, AND CHECKOUT OF
i HARDWARE ELEMENTS OF GROUND DATA SYSTEM •i ,DOS, I
I i,STALLAnoN,CHECKOUT AND MAINTENANCE OF •
I DATA AND VOICE COMMUNICATION ELEMENTS OF •
ILm_r_at i,/h.m ep,m'ilh.n,, W.dk,d..Ip
OUTPUTS
COMPUTER
WORKSTATIONS
NETWORK OR
NETWORK
ACCESS TO GDS
ELEMENTS
VOICE COMMUNI-
CATION SYSTEM
G/=S- 1$
JPL 12. DEVELOPMENT AND MAINTENANCE
INPUTS
NEW REQUIREMENTS
ERROR REPORTS
CHANGE CONTROL
AUTHORITY FOR
CHANGE
AS-BUILT
DOCUMENTATION
FUNCTIONS
THESE ARE FUNCTIONS WHICH CONTINUE
THROUGHOUT THE LIFE CYCLE OFTHE PROJECT
SPECIAL ATrENTION MUST BE PAID TO THESE
FUNCTIONS IF THEY ARE PLANNED TO GO ONIN
PA_LLF_L WITH THE OPERATIONAL PHASE OF THE
MBS_N
THE MAGNITUDE OF THE DEVELOPMENT AND
MAINTENANCE EFFORT MUST BE UNDERSTOOD
BEFORE THE OPERATIONAL PHASE, AND THE
ORGANIZATION AND PROCEDURES MUST REFLECT
THIS ACTIVITY
z,,w c.J m.,/.s q,.z_z._ w.z_z_
OUTPUTS
SOFTWARE
DEVELOPMENT
AND
MAINTENANCE
PLAN
MODIfiED
SOFTWARE
GFS-15
JPL 13. MANAGEMENT
INPUTS
REQUIR_
OPERATIONS
CONCEPTS
GOALS AND VISION
OF SPONSOR
FUNCTIONS
PRE.LAUNCH
WORKING WITH OTHER PROJECT ELEMENTS TO
ENSURE COMPATIBILITY WITH MISSION, PAYLOAD,
AND SPACECRAFT DESIGN
MANAGING A LARGE SOFTWARE DEVELOPMENT
EFFORT
INTERFACE COORDINATION: RECEIVABLES &
DEUVERABLES
CHANGE CONTROL AND PROGRAM CONTROL
CONTRACT AND PROCUREMENT ADMINISTRATION
CONTINGENCY AND RESOURCE MANAGEMENT
LewCeet iadee 01,wdle_ Wetk,dtep
OUTPUTS
PROJECT
POLICIES AND
GUIDELINES
DECISIONS
APPROVALS
DIRECTION
GOALS AND
VISION OF
PROJECT
G.'_ - 17
JPL 13. MANAGEMENT (continued)
INPUTS
STATUS VS PLAN
REPORTS
USER SATISFACTION
SPONSOR
SATISFACTION
FUNCTIONS
POST-LAUNCtl
MANAGEMENT OF M06 RESOURCES TO ENSURE
MISSION OBJECTIVES ARE
MANAGEMENT OF OPERATIONS SCHEDULE
DAILY ACTIVmES OF OPERATIONS TEAMS
PROCESS FOR REV1EW AND APPROVAL OF PLANNED
_D ACl'IVmES
MANAGEMENT OF DEVELOPMENT AND MAINTENANCE
ACTNITES REQUIRED DURING OPERATIONS
RISK MANAGEMENT
OUTPUTS
DECISIONS
APPROVALS
CHANGE
AUTHORIZATION
JPL DETAILED OPERATIONS CONCEPT
• INPUT CHARACTERISTICS ARE GIVEN ON THE FOLLOWING PAGES
L.wcoe, _ Opm.dee, W_ G,FS - 19
JPl. AN OPERATIONALLY SIMPLE MISSION
i
MISSION SCOPE, OBJECTIVES, AND SCIENCE REQUIREMENTS
THE PURPOSE OF THIS MISSION IS TO STUDY THE PROPERTIES
OF THE SOLAR WIND FOR A PERIOD OF TWO YEARS, FROM A
LOCATION OUTSIDE THE EARTH'S BOW SHOCK
A HALO ORBIT ABOUT THE L1 EARTH-SUN UBRATION POINT WAS
SELECTED TO MEET THAT MINIMUM REQUIREMENT, WHILE
MINIMIZING COMMUNICATIONS REQUIREMENTS AND
TRAJECTORY COMPLEXITY
THE INSTRUMENTS MUST FACE INTO THE AVERAGE DIRECTION
OF ARRIVAL OF THE SOLAR WIND RELATIVE TO THE
SPACECRAFT, WHOSE 30 km/s MOTION PERPENDICULAR TO THE
SOLAR RADIUS DIRECTION CANNOT BE IGNORED; THIS LEADS TO
THE REQUIREMENT THAT THE SPACECRAFT SPIN AXIS POINT 4 °
AHEAD OF THE SUN
ira,,¢._ m..,.. _,..mm. w.,_um._
JPl. AN OPERATIONALLY COMPLEX MISSION
MISSION SCOPE, OBJECTIVES, AND SCIENCE REQUIREMENTS
THE PURPOSE OF THIS MISSION IS TO RENDEZVOUS WITH A SHORT-
PERIOD COMET, STUDY ITS SURFACE MORPHOLOGY AND
COMPOS_'rION WITH REMOTE.SENSING INSTRUMENTS, AND THEN
GRAB A SAMPLE OF SURFACE MATERIAL FOR ANALYSIS ONBOARD
THE SPACECRAFT
IT IS ASSUMED THAT THE ONLY WAY TO RENDEZVOUS WITH THE
TARGET WITH THE LAUNCH VEHICLES AVAILABLE FOR THE MISSION IS
VIA DELTA VEGA TRAJECTORIES
IT IS FURTHER ASSUMED THAT THE BODY IS SMALL AND IRREGULAR,
ITS SPIN VECTOR IS NOT KNOWN, AND ITS EPHEMERIS IS NOT WELL
KNOWN A PRIORI
FURTHERMORE, THE FICTITIOUS COMET IS KNOWN TO BE WEAKLY
AND IRREGULARLY ACTIVE, SO CERTAIN SAFEGUARDS (OR RETREAT
STRATEGIES) MUST BE BUILT INTO THE SCENARIO FOR THE CLOSE
APPROACH REQUIRED TO GET THE SAMPLE
n.v c..a make,,.0_p_dh.,. Wo..k.n,q, -21
JPL AN OPERATIONALLY SIMPLE MISSION
MISSION PLAN
• LAUNCH VEHICLE = DELTA 2
• LAUNCH DATE = FLEXIBLE
• MISSION DURATION = 2 YEARS + 107 DAYS
• TRAJECTORY & MANEUVER CHARACTERISTICS
- lO7 DAYS TRANSFER ORBIT TO L 1
- 65 M/SEC DELTA V FOR NAVIGATION TO ORBIT INSERTION
- TWO LOOPS AROUND HALO PER YEAR
- MAINTENANCE MANEUVERS EVERY 8 WEEKS
• DELTA V FOR MAINTENANCE 35 M/SEC
• ORBIT DETERMINATION
- DOPPLER & RANGING
- CONTINUOUS L • L+2WEEKS
- CRUISE 1/WEEK
- INSERTION - 2 WEEKS • +1 WEEK
• 1 PASS PER DAY
- 24 HOURS CONTINUOUS DURING ORBIT INSERTION
• UGHT TIME TO L1 IS > BURN TIME
u.,wCo.anaw,ub. Onm.dk,,,,W,,d,.I,_
JPl. AN OPERATIONALLY COMPLEX MISSION
i
MISSION PLAN
LAUNCH VEHICLE = DELTA 7925
LAUNCH DATE : 15 DAY WINDOW
MISSION DURATION : 7 YEARS
TRAJECTORY AND MANEUVER CHARACTERISTICS
- DEEP SPACE MANEUVER, 0.5 km/s
- EARTH FLYBY, 300 km ALTITUDE L+2 YRS
- DEEP SPACE MANEUVER AT 4AU 2.0 km/s
- ACQUIRE TARGET
• APPROACH FROM DARK SIDE, SEE ONLYTHE CRESCENT
- RENDEZVOUS BURN AT 1.3 AU 0.8 km/s AT L+6 YEARS
- SLOW FLYBYS TO DETERMINE MASS AND ROTATION OF BODY
L.. C.., m.d.e opw.a._ w..i._, GFS- 23
JPL AN OPERATIONALLY COMPLEX MISSION
MISSION PLAN (continued)
ORBIT THE NUCLEUS FOR 1 YEAR
- APHELION A 4 AU; PERIHELION AT 1 AU
- SUN / EARTH ANGLE TO U o
- 1 WEEK ORBITAL PERIOD
- MANEUVERS:
• STATION KEEPING 1/MONTH
• ORBIT PLANE CHANGE 1/4 MONTHS
- MAP WiTH SEVERAL REMOTE SENSING
- PICK A SITE FROM WHICH TO GRAB A SAMPLE
- GET THE SAMPLE AND ANALYZE IT ON BOARD
RETURN 100 MBITS/DAY FROM 2AU
ORBIT DETERMINATION
- OPTICAL NAVIGATION REQUIRED
- AUTOMATIC TARGET ACQUISITION REQUIRED
UGHT TIME :
L.w Cut m,,-,.e Ope.a.,,. W.d.d, op GFS -24
JI::IL AN OPERATIONALLY SIMPLE MISSION
MISSION PHILOSOPHIES, STRATEGIES & TACTICS
• UFE CYCLE CO6TS WILL BE MINIMIZED
• INITIAL CUT AT MINIMIZING MFE CYCLE COSTS IS TO USE
EXISTING GROUND SYSTEM CAPABIUTIES
• AFTER FIRST DESIGN OF FUGHT AND GROUND SEGMENTS, COST
DRIVERS WILL BE IDENTIFIED AND EXPLAINED TO SCIENCE
WORKING GROUP
• SCIENCE WORKING GROUP AND PROJECT WILL ATTEMPT TO
LOWER COST DRIVERS AND UFE CYCLE COST ESTIMATE
II,,,vCe./man-_ _ Ol_.aaloamWaw',MI,,,lU,
JI::IL, AN OPERATIONALLY COMPLEX MISSION
MISSION PHILOSOPHIES, STRATEGIES & TACTICS
UFE CYCLE COSTS WILL BE MINIMIZED
INITIAL CUT AT MINIMIZING UFE CYCLE COSTS IS TO USE
EXISTING EXISTING GROUND SYSTEM CAPABIUTIES
AFTER FIRST DESIGN OF FUGHT AND GROUND SEGMENTS, COST
DRIVERS WILL BE IDENTIFIED AND EXPLAINED TO SCIENCE
WORKING GROUP
SCIENCE WORKING GROUP AND PROJECT WILL ATTEMPT TO
LOWER COST DRIVERS AND UFE CYCLE COST ESTIMATE
n,.vc.., m.d.,, ,h,.,-.a_ w..l_.,,on, _-2'8
.JPL AN OPERATIONALLY SIMPLE MISSION
PROGRAMMATIC
CONCURRENT ENGINEERING PRACTICESWILL BE USED
COLLOCATION OF PARTICIPANTS DURING DESIGN PHASE
In Cod %bdee _ Wwikobep GF$- 27
JPL AN OPERATIONALLY COMPLEX MISSION
PROG RAMMATIC
CONCURRENT ENGINEERING PRACTICES WILL BE USED
COLLOCATION OF PARTICIPANTS DURING DESIGN PHASE
ImwCo_ Ibden Operations Wea_d_Sp
JPL AN OPERATIONALLY SIMPLE MISSION
INSTRUMENT CHARACTERISTICS
INSTRUMENT POINTING - NOT REQUIRED
NUMBER OF INSTRUMENTS = 3
- FIELDS AND PARTICLES
INSTRUMENT CONTROL
- MODE CHANGES ARE AUTONOMOUS
- MO GROUND COMMANDING OR SEQUENCE REQUIRED FOR DATA
GATHERING
- NO CAUBRATION SEQUENCES OR MANEUVERS REQUIRED
- INSTRUMENT SOFTWARE UPDATEABLE BUT NOT REQUIRED
INSTRUMENT OUTPUT
- PACKET OUTPUT TO SPACECRAFT
- INSTRUMENT DATA OUTPUT CONTINUOUS AT 1000 BPS
t.v ¢.., m.,/,m q,..m,,, w..,k,mw GFS-29
JPL AN OPERATIONALLY COMPLEX MISSION
INSTRUMENT CHARACTERISTICS
INSTRUMENT POINTING
- BODY FIXED INSTRUMENTS
- COMMON FIELD OF ViEW
- SPACECRAFT POINTING
• CONTROL REOUIRED : 0.32"
• STABILITY : 10-3o over 10 seconds
NUMBER OF INSTRUMENTS : 3 REMOTE SENSING
INSTRUMENT CONTROL
- TYPICAL IMAGING SEQUENCES
- BUTTON UP WHEN DUST HAZARD TOO STRONG
- INSTRUMENT SOFTWARE UPDATEABLE
- MODE CHANGES VIA STORED SEQUENCE
INSTRUMENT OUTPUT
- INSTRUMENT OUTPUT BURST MODE
- INSTRUMENTS OUTPUT PACKETS
l,.w C..,* eb./.,, q,.nll.u W,n.JudU_ GFS-30
JPL AN OPERATIONALLY COMPLEX MISSION
SPACECRAFT CHARACTERISTICS
• AI"rlTUDE CONTROL
- 3 AXIS STABILIZED
- SUN AND START SENSORS
- POINTING CONTROL 0.32 o
- STABILITY - 10-3 ° over 10 seconds
- REACTION WHEEL FOR POINTING
- CONTROL
• POWER
- POWER MARGIN ZERO AT START OF ORBITAL PHASE
- SOLAR PANELS & BATTERIES REQUIRE CAREFUL MANAGEMENT TO
BALANCE POWER AND THERMAL CONSTRAINTS
• R/F
- HIGH-GAIN ANTENNA
- X-BAND
• DATA SYSTEM
- 8 SELECTABLE DATA RATES
- ON BOARD SOLID STATE RECORDER 2 GBIT CAPACITY
• PROPULSION
- 2 PROPULSION SYSTEMS
- DEEP SPACE BURNS
- ORBIT KEEPING
Ira, ted IIIl_e. ejm.dm W,.k_ GFS - 31
JPL AN OPERATIONALLY SIMPLE MISSION
SPACECRAFT CHARACTERISTICS
ATTITUDE CONTROL
- SPIN STABIUZED
- SPIN AXIS 4° OFF 5UNUNE IN T DIRECTION
- SPIN AXIS ADJUSTED AUTONOMOUSLY ONCE PER DAY
- ACCURACY+ 1° (CONTROL & KNOWLEDGE)
POWER
- RXED SOLAR ARRAYS
- POWER MARGIN _+25% WITH ALL INSTRUMENTS ON
PJF
- S-BAND DOWNUNK
- SLOTTED WAVEGUIDE ARRAY
DATA SYSTEM
- DATA COLLECTION CONTINUOUS
- 1100 (1000 SCIENCE + 100 health & safety)
- ALL DATA PACKETIZED
- SOLID STATE RECORDER (2 GBITS)
- 30 KBPS DUMP RATE
- 10 BPS FAULT RECOVERY RATE
PROPULSION
- 10 NEWTON THRUSTERS
Jill AN OPERATIONALLY COMPLEX MISSION
i
EEIS CHARACTERISTICS
UPLINK
- SATELLITE
• STORE AND DUMP PROCESS REQUIRED FOR SCIENCE DATA
• ON-BOARD OP NAV REQUIRED DUE TO RENDEZVOUS REQUIREMENTS
• LIGHT TIME > MANEUVER DURATION
• ON-BOARD MANEUVER DETERMINATION COUPLED WITH PROPULSION
CONTROL
- GROUND SYSTEM
• SEQUENCES DETERMINED FROM DATA
• CONTENTION BETWEEN INSTRUMENTS FOR DATA GATHERING
• SCIENCE USER INPUT REQUIRED FOR SEQUENCE GENERATION
DOWNUNK
- SATELLITE
• SPACECRAFT AND INSTRUMENTS CONFORM TO CCSDS STANDARDS
- GROUND SYSTEM
• CONSUMABLES TO MANAGE
• SOME SUBSYSTEMS HAVE ZERO TO NEGATIVE MARGIN
• SPACECRAFT ANALYSIS AT SUBSYSTEM LEVEL DUE TO MARGIN
OEFICIT
• MISSION CONTROL - HEALTH AND SAFETY BASED ON PREDICTS
l_v coet msdee 0p_._,,w We..k.bop G8_. - 33
JPL AN OPERATIONALLY SIMPLE MISSION
EElS CHARACTERISTICS
• UPLINK
- SATELLITE
• SINGLE ON-BOARD COMPUTER FOR DATA COLLECTION, PROCESSING
- AND ATTITUDE CONTROL - PROCESSOR LANGUAGE : "C"
• INSTRUMENTS HAVE THEIR OWN MICRO PROCESSORS. LANGUAGE ALSO C
• INSTRUMENTS AND SPACECRAFT DATA SYSTEM CONFORM TO CCSOS
STANGAROS
• SOUD STATE RECORDER ALLOWS DATA STREAM METERING, DUMP AND P./T
• ALL SUBSYSTEMS HAVE MARGINS
- GROUND SYSTEM
• ON-BOARD AI"rlTUCE UPDATES REQUIRE EPHEM UPDATES ONCE PER MONTH
• NO CONFLICT RESOLUTION REQUIRED FOR SEQ GENERATION
• NO SEQUENCES REQUIRED FOR NORMAL OPERATIONS
• NO RESOURCE MANAGEMENT OR PREDICTION REQUIRED
• DOWNLINK
- SATELLITE
• SPACECRAFT AND INSTRUMENTS CONFORM TO CCSDS STANDARDS
- GROUND SYSTEM
• EDR'S WILL BE TIMED ORDERED SERIES OF PACKETS
• NO SPECIAL PROCESSING OF SCIENCE DATA
• MISSION CONTROL - HEALTH AND SAFETY LIMITS ONLY, NO PREDICTIONS
REQUIRED
• SPACECRAFT ANALYSIS AT SYSTEM LEVEL ONLY
• NO COI/SUMABLES TO MANAGEL,m Ced mJ,dn 0pa'dN_ Week,,bep oes-_
JPL AN OPERATIONALLY COMPLEX MISSION
GROUND SYSTEM CHARACTERISTICS
COM PATIBIUTY
- SPACECRAFT DATA SYSTEM IS COMPATIBLE WITH AMMOS
TELEMETRY SYSTEM
- P./FCOMPATIBLEWrrH DSN
NAVIGATION
- OPTICAL NAVIGATION REQUIRED
SEQUENCING
- INSTRUMENT SEQUENCING BASED ON RETURNED DATA REQUIRED
- INSTRUMENT POINTING GENERATION REQUIRED
- DATA COLLECTION AUTOMATIC
- SEQUENCES REQUIRED FOR MANEUVERS
- PRE-PLANNED SEQUENCES REQUIRED FOR INSTRUMENT TURN-ON
AND CALIBRATION
• THESE SEQUENCES WILL BE THE SAME AS THOSE USED DURING
SYSTEM TEST
Celt n,m,-aoanOl,r._en_ Wa,fkslM,,p
GFS-_
JPL AN OPERATIONALLY SIMPLE MISSION
GROUND SYSTEM CHARACTERISTICS
• COMPATIBIUTY
- SPACECRAFT DATA SYSTEM IS COMPATIBLE WITH AMMOS
TELEMETRY SYSTEM
- R/F COMPATIBLE WITH
• NAVIGATION
- NO SPECIAL NAVIGATION REQUIREMENTS
SEQUENCING
- NO INSTRUMENT SEQUENCING REQUIRED
- DATA COLLECTION AUTOMATIC
- SEQUENCES REQUIRED FOR MANEUVERS
- PRE.PLANNED SEQUENCES REQUIRED FOR INSTRUMENTTURN-ON
AND CALIBRATE SAME AS THOSE USED DURING SYSTEM TEST
L,.wCod mado,. Onm'.aem_,W.fk_,d,_
JPL AN OPERATIONALLY SIMPLE MISSION
USER DATA PRODUCT DEFINITION
. QUICK-LOOK DATA FOR HEALTH CHECKS, INCLUDING SPIN-AXIS
POINTING AND INSTRUMENT OPERATION
• EXPERIMENT DATA RECORDS FOR NONREAL-TIME ANALYSIS
b,w ¢,ed ke_ elm.-,_ w W_.]IzdM_ GFS. 37
JPL AN OPERATIONALLY COMPLEX MISSION
USER DATA PRODUCT DEFINITION
• IMAGING DATA IN FRAME FORMAT
• NO CAUBRATION REQUIRED
• SPICE KERNELS
114v¢,_a mR-_ u Oj_,aalo_ Wm,',k_dmlD
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Jl::lll. SCIENCE DATA PROCESSING AND ANALYSIS
JPt. INTRODUCTION
FUTURE LOW COST MISSION OPERATIONS WILL INCREASINGLY
INVOLVE SCIENCE TEAMS SUPPORTING FLIGHT OPERATIONS
FROM THBR HOME INSTITUTIONS
TECHNOLOGY EVOLUTION SUPPORTS DISTRIBUTED OPERATIONS
SUPPORT SCENARIOS
- HIGH-PERFORMANCEWORKSTATIONS
- HIGH-SPEEDNETWORKS
- PLATFORM-INDEPENDENTSOFTWARE
SCIENCE OPERATIONSSUPPORT WORKSTATION
MISSIONPLANNING& SEQUENCE
DEVELOPMENTTOOLS
SPACECRAFTPERFORMANCE& ANALYSIS
TOOLS
POSITIONLOCATIONPLANNING&
ANALYSISTOOLS
SCIENCEDATAPROCESSINGTOOLS
LOCALDATABASE&DATAMANAGEMENT
TOOLS
_rdte== Wedud_
OTlfl_i
I/OleKSTATIONS
WBG- 3
JPt.
JPL's APPROACH TO DISTRIBUTED SCIENCE
OPERATIONS-
THE "SOPC"
"SCIENCE OPERATIONS PLANNING COMPUTER" (SOPC) CONCEPT
WAS FIRST UTILIZEDTO SUPPORT MARS OBSERVER AND IS
PLANNED FOR CASSINI
- CAPABIUTIESCANBEREADILYADAPTEDTODISCOVERYMISSIONS
CONCEPT INVOLVES PACKAGING MISSION SUPPORT TOOLS IN A
UNIX-BASED WORKSTATION ENVIRONMENT DISTRIBUTED TO
SCIENCE TEAMS
SOPC CAPABILmES CAN BE A COMBINATION OF JPL- AND P.I.-
DEVELOPED OPERATIONS SUPPORT TOOLS
JPL LONG-TERM MAINTENANCE OF JPL-DEVELOPED SOFTWARE
TOOLS
MANY OF THE TOOLS SHOWN TODAY CAN BE PROVIDED WITHIN A
"SOPC"
lay _ mn_om On_._ow Woa_mhop W_-4
JJ_IL. SCIENCE DATA PROCESSING AND ANALYSIS
OUTLINE
DATA FLOW AND PRODUCTS
ONBOARD SCIENCE INSTRUMENT DATA PROCESSING
SCIENCE INSTRUMENT DATA RECORD ASSEMBLY
SCIENCE DATA MANAGEMENT
SCIENCE ANALYSIS PROCESSING SUPPORT
SCIENCE DATA PRODUCT GENERATION
W_S -5
JPL DATA FLOW
DATA
TRANSPORT
AND
DELIVERY
NAVIGATION
INSTRUMENT
PACKETS k
SPICE [I_
KERNELS |
SCIENCE DATA
RECORD
ASSEMBLY
SCIENCE
ANALYSIS
SCIENCE
PRODUCT
GENERATION
SCIENCE DATA MANAGEMENT
JIIL PRODUCTS
_ INSTRUMENT
PACKETS
ENGINEERING
DATA
 ---IsPicE[-
a lDl;llg
SCIENCE DATA ___
RECORD SCIENCE
ASSEMBLY ANALYSIS
SCIENCE DATA MANAGEMENT
H SCIENCE
PRODUCT
GENERATION
.i_ REAL-TIME
DISPLAY
DEVIATIONS
._ FROM
MISSION
PLAN
PRESS
"_ RELEASES
._ PHOTO-
PRODUCTS
..i_ SCIENTIFIC
PAPERS
INSTRUMENT
CALIBRATION
FILE UPDATES
ARCHIVAL
DATA
RECORDS
WI_-7
JIll
RELATIONSHIPS BETWEEN SPACECRAFT
AND GROUND DATA SYSTEMS
i
TECHNOLOGY SUPPORTS INCREASED PROCESSING OF SCIENCE
DATA ON THE SPACECRAFT. EXAMPLES:
- DATA COMPRESSION
• LOSSLESS AND LOSSY CAN BE ADAPTIVE
- iNSTRUMENT SIGNATURE REMOVAL
- INFORMATION EXTRACTION
- ENCODING TO PREVENT DATA LOSS IN THE TELEMETRY UNK
SOME ONBOARD PROCESSING MUST BE REVERSED ON THE
GROUND. EXAMPLES:
- DECODING
- DECOMPRESSION
I,m Cul NlbdM OnNmSea_WulmlMqp
JPL SCIENCE DATA PROCESSING AND ANALYSIS
OUTLINE
i
DATA FLOW AND PRODUCTS
ONBOARD SCIENCE INSTRUMENT DATA PROCESSING
SCIENCE INSTRUMENT DATA RECORD ASSEMBLY
SCIENCE DATA MANAGEMENT
SCIENCE ANALYSIS PROCESSING SUPPORT
SCIENCE DATA PRODUCT GENERATION
I,,a,v_ IIB,ulLoa O.p_-,a ea_ Wm",kmbep
W_-9
JPL TYPICAL FLOW OF SCIENCE INSTRUMENT DATATHROUGH SPACECRAFT DATA SYSTEM
i-o-, I
I-_-_ I i,_-_l
PACK[T_ED CATA_ / PACKE112EO DATA
P'I1,12PI3-- _ / P21_JL.
I SPACECRAFT DATA
&
I HEAOERIIHSTIIPl'IP121P131"" IIMST3_I_32_331" " I INST21P21JP221"" I
t
FR_ES CONTNNING A SERIAL BI_STREAM .----.m.D,. TRANSMISSION
I,am Co.at lm-_m OIm.aaea_ Wer]lwb_p
J INSIIRUMENT 3
,CI_:'I'_ED DATA
WSG • 1O
JPL
ADVANCED END-TO-END SIMULATION
FOR ONBOARD PROCESSING IAESOP)
NASA-FUNDED UNIX-BASED SOFTWARE SYSTEM USEDTO
DESIGNSCIENCE INSTRUMENT PACKETS
ASSISTS IN EVALUATING ROBUSTNESS OF PACKET FORMAT
DESIGN IN PRESENCEOF NOISE OR PACKETLOSS
DEMONSTRATION
• COMPRESSED IMAGES (JPEG COMPRESSION) DOWNLINKED WITH NO
ERROR CORRECTION CODE, BIT ERROR RATE (BEll) 10 "4
• SAME IMAGE COMPRESSION AND BER WITH REED-SOLOMON CODING
• COMPARISON OF COMPRESSED IMAGE (COMPRESSION RATIO
APPROXIMATELY 20:1) WITH UNCOMPRESSED IMAGE TO ILLUSTRATE
DATA LOSS IN COMPRESSION
Low_ I.dom Ot,_aalonwWodwh_ WBG-11
JPL SCIENCE DATA PROCESSING AND ANALYSIS
OUTLINE
• DATA FLOW AND PRODUCTS
• ONBOARD SCIENCE INSTRUMENT DATA PROCESSING
SCIENCE INSTRUMENT DATA RECORD ASSEMBLY
• SCIENCE DATA MANAGEMENT
• SCIENCE ANALYSIS PROCESSING SUPPORT
• SCIENCE DATA PRODUCT GENERATION
IL,a.wCut lulLoe Op,wadli,,,uW_
_-!2
JPL SCIENCE INSTRUMENT DATA RECORD ASSEMBLY
_FRAMES
DATA TRANSPORT
ANO DEUVERY
SYSTEM
FRAME SYNCH. 7DECI_NG
UNG
ENGINEERING DATA
PROCESSING
DECOMPRESSION"
SENSOR SIGNATURE
REMOVAL*
I
I
i
• _L
DATA RECORD
HEADER R_) IN POS-FORMAT
SELECTED SPICE KERNEL AND
ENGINEERING DATA
m
Qll
o_s
..o
1rowted II_miea elm.--eu Wwlu_ wsa-_3
JPL SCIENCE DATA RECORD ASSEMBLY
DEMONSTRATIONS
INSTRUMENT DATA RECORD-
INSTRUMENT 1
DEMONSTRATION 1: IMAGE DATA RECORD ASSEMBLY
h
• AGGREGA11ONOFSELECTED SPICE KERNEL DATA IMTH IMAGE DATA RECORD n
• ASSEMBLY OF SATURN IMAGE FROM INDIVIDUAL PACKET DATA m
• NOTE ARRIVAL OF PACKET DATA OUT OF TIMEBEQUENCIE
I DEMONSTRATION 2'* REAL-TIME IMAGE DISPLAY ]
• :_JI4"_K;wI10_MULAllONOF REAL'TIME IMAGE IXSPt'AYS GENERATED DURING DATA I
• FUTLflR_IMPLEMBfTATIONS YlfiLLBE X-WINDOW BASED, SDPPORllNG VEWING OF REAL. m
TIME DISPLAYS AT 8,CIENCETEAM HOME INSTITIJTION$ AND OTHER RIEMOTE81TI3
DEMONSTRATION _. PARTICLE AND RELDS INSTRuUFNT pl:At -TIME PROCESSING
• DEMONSTRATES REAL-TIME PROCESSlNGOFGAULEOPLASMA WAVE SUBSYSTEM (PW_
DATA DURING GAULEO EARTH.2 ENCOUNTER IN DECEMBER 1N2
• PROCESSING IS PERFORMED USING UNKWINOS SCIENCE DATA ANALYSIS SYSTEM
(DEVELOPED IN JPL'S DIVISION 32 UNDER NASA FUNDING)
• PW8 DATA IS FOiisIER TRANSr-oRMED AND ISSPLAYED IN F_ COLOR IN REAL TIME
• ADOI1K)NAL UNKWINDS ANALYSIS TOOLS ARE APPLIED IN REAL 11MEAS DATA IS RECEIVED
WBG - 14
COST DRIVERS--
J_::IL, SCIENCE INSTRUMENT DATA RECORD ASSEMBLY
• PERCENTAGE OF ACQUIRED SOURCE DATA IN THE EXPERIMENT
DATA RECORD (EDR)
- REQUIREMENTS FOR 100% OF DATA MAY DRIVE OPERATIONS COSTS BY
REQUIRING MULTIPLE PLAYBACKS AND DATA-MERGE OPERATIONS
- IS "REAL-TIME" DATA RECORD ASSEMBLY AND DISTRIBUTION REQUIRED,
OR CAN DATA BE PROCESSED IN BATCHES AT TIMES NOT DRIVEN BY
DATA ACQUISITION TIMES?
• TIMELINESS OF SPICE KERNEL DATA
- PRECISION OF NAVIGATION INFORMATION INCREASES WITH TIME
- INSTRUMENT DATA ANALYSIS MAY IMPROVE NAVIGATION DATA
PRECISION
- WAITING FOR THE BEST POSSIBLE SPICE KERNEL DATA BEFORE
PROOUCING EXPERIMENT DATA RECORDS CAN CAUSE MULTIPLE
PRODUCTION RUNS
• VOLUME OF DATA
- DISTRIBUTION QUANTITIES OF FINAL PRODUCTS SUPPORTED BY
PROJECT FUNDING
- DISTRIBUTION MEDIA USED FOR FINAL PRODUCTS
• DIGITAL MEDIA-TAPE, CO-ROM
• RIM MEDIA--OUANTITY AND NUMBER OF COPIES DISTRIBUTED
i,owteat i -_ OpfJllo,n_ We_dudNn,p wsG.ls
IMPLEMENTATION OPTIONS-
JPL SCIENCE INSTRUMENT DATA RECORD PRODUCTION
ADAPT JPL MULTIMISSION CAPABlUTIES, PRODUCE FINAL EDR'S AT
JPL FACILITIES
- JPL TRANSMITS ASSEM BLED DATA RECORDS (REAL TIME AND FINAL
EDR) TO SCIENCE TEAM SITE(S) ELECTRONICALLY
- JPL TRANSFERS SELECTED DATA RECORDS ON REQUEST TO SCIENCE
TEAM SITES (ELECTRONICALLY OR VIA CD-ROM SHIPMENT)
SCIENCE TEAM IMPLEMENTS AND OPERATES FACILITIES TO
PRODUCE FINAL EDR'S
- JPL TRANSMITS PACKET-LEVEL DATA TO SCIENCE TEAM FACILITY
- SCIENCE TEAM IS RESPONSIBLE FOR OPERATIONAL SUPPORT OF DATA
RECORD PRODUCTION
EDR'S ARE PRODUCED AT SCIENCE TEAM FACILITIES USING
MULTIMISSION SOFTWARE AND PROCEDURES ADAPTED BY JPL
- JPL DELIVERS TESTED SOFTWARE AND PROCEDURES TO P.I. SITES
- SCIENCE TEAM IS RESPONSIBLE FOR OPERATIONAL SUPPORT TO DATA
RECORD PRODUCTION
Low_ Ilildoa OlNrdou Wm'ludNql
JPL SCIENCE DATA PROCESSING AND ANALYSIS
OUTLINE
,ml .
DATA FLOW AND PRODUCTS
ONBOARD SCIENCE INSTRUMENT DATA PROCESSING
SCIENCE INSTRUMENT DATA RECORD ASSEMBLY
SCIENCE DATA MANAGEMENT
SCIENCE ANALYSIS PROCESSING SUPPORT
SCIENCE DATA PRODUCT GENERATION
II,a_ rJ-* lulm Olm.aaA_uWu,lkadnelp
Jpt. SCIENCE DATA MANAGEMENTREQUIREMENTS AFTER RECEIPT OF DATA
NEED TO BE ABLE TO LOCATE ALL VERSIONS OF ALL DATA RECEIVED
TO DATE, BASED ON VARIOUS SEARCH CRITERIA
ABILITY TO DISCRIMINATE BETWEEN DIFFERENT VERSIONS OF SAME
INSTRUMENT DATA
- DIFFERENT SPACECRAFT DOWNLINKS (WITH DIFFERENT PROCESSING
OPT_NS?)
- DIFFERENT DEEP SPACE NETWORK (DSN} STATION PLAYBACKS
- DIFFERENT LEVELSOF INSTRUMENT DATA PROCESSING
- DIFFERENT DATA QUAUTY LEVELSON DIFFERENT VERSIONS OF
DOWNLINK DATA
NEED TO CORRELATE ANCILLARY DATA WITH INSTRUMENT DATA
- GEOGRAPHIC REFERENCE FRAMEWORK FOR OBSERVATIONS
- CORRELATION OF INSTRUMENT ENGINEERING DATA Wn'H OBSERVATIONAL
DATA
ABILITY TO CORRELATE OBSERVATIONS BETWEEN MULTIPLE
INSTRUMENTS
n.v c_a NUMi_ e_rdo_ ww,,k=lrwp WBG- 18
SCIENCE DATA MANAGEMENT SYSTEM
JilL CAPABILITIES REQUIRED DURING OPERATIONS
INTERACTIVE USER DATABASE QUERY AND DATA RETRIEVAL,
BASED ON MULTIPLE SEARCH CRITERIA
GENERATION AND AUTOMATIC E44AIL DISTRIBUTION OF
STANDARD REPORTS
- SUMMARY OF DAILY DATA RECEIPT BY INSTRUMENT
- PROJECT MANAGEMENT REPORTS THAT SUMMARIZE PROCESSING
STATUS
AUTOMATIC INITIATION OF PROCESSING SEQUENCES, BASED ON
RECEIPT OF ANTICIPATED DATA
L,_ Ced Im,du Oim.dSe_ W_
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SCIENCE DATA QUERY/
Jill_ RETRIEVAL DEMONSTRATIONS
, i
• DEMONSTRATIONS UTILIZE "DBVIEW," A MULTIMISSION USER
INTERFACE TO SCIENCE DATABASES DEVELOPED AT JPL
- SYSTEM UTIUZES THE SYBASE DATABASE, A COMMERCIALLY
AVAILABLE DATABASE MANAGEMENT SYSTEM (DBMS)
• CLIENT SOFTWARE SUPPORTS REMOTE SCIENCE USERS, WITHOUT
NEED FOR SYBASE SITE UCENSES AT REMOTE SITES
h
DEMONSTRATION 1: DAILY REPORT I|
A TYPICAL DALLY REPORT, TRANSMITTED TO A SCIENCE TEAM VIA ELECTRONIC MAIL II
THAT LISTS _ RECENTLY ACQUIRED DATA I
Lev Colt Itsdee OperdoaJ WM'ktbep
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JPL
SCIENCE DATA MANAGEMENT SYSTEM
DURING MISSION OPERATIONS:
IMPLEMENTATION OPTIONS
SERVER LOCATED AT JPL, DATABASE LOCATED AT JPL, CLIENT
SOFTWARE OPERATES IN USER WORKSTATIONS
- UTIUZE JPL MULTIMISSION CAPABILITIES AND SHARED OPERATIONS
STAFF
- ALL INSTRUMENT DATA, ANCILLARY DATA, AND ASSOCIATED
CATALOGS ARE MAINTAINED AT JPL USING COMMERCIAL DBMS
TECHNOLOGY FOR THE DURATION OF THE MISSK)N
- SECURE UNKS OR PUBUC DOMAIN NETWORKS SUPPORT REMOTE
SCIENCE QUERY/RETRIEVAL VIA JPL-PROVIDED CLJENT SOFTWARE
OR PUBLJC-DOMAIN TOOLS
- CENTRALIZED SYSTEM ACCEPTS AND CATALOGS DATA PRODUCTS
GENERATED AT REMOTE SCIENCE SITES
_m IRv Co_ Ibda, m01_agl_ W_H_wp
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JPL SCIENCE DATA MANAGEMENT SERVER AT JPL
i
JPL
ON-LINE
STORAGE
SCIENCE DATA I_-CORO6
CATALOGS
SCIENCE PII_DOUCTS
SELECTED SPICE KERNEL
DATA
SERVER
PNY_CAL
MEDIA
(ON DEMAND)
SCIENCE TEAM SITES
i_ QUERIES
ELECTRONIC
FILE TRANSFER
REPORTS
NEW PROOUCTS
REMOTE USER
WORKSTATION
JPL-PROVIDED
_-_ CUENT SOFTWARE
v PUBUC DOMAIN
TOOLS (MOSAIC,
GOPHER, ETC.)
NETWORK
ACCESS
Low_ m_dlem Ojm.dm W_lumh_LD
WOG-_
JPL
SCIENCE DATA MANAGEMENT SYSTEM
DURING MISSION OPERATIONS:
IMPLEMENTATION OPTIONS (Continued)
DISTRIBUTED DATABASE CONCEPTS
- JPL TRANSFERS PACKETS OR DATA RECORDS TO TEAM SITE
(DESCRIBED PREVIOUSLY)
- SCIENCE TEAM ASSUMES RESPONSIBIUTY FOR CATALOG
GENERATION AND MAINTENANCE, AND FOR SUPPORT OF SCIENCE
TEAM QUERY/RETRIEVAL
- POTENTIAL USE OF JPL-OEVELOPED CAPABILITIES IN THESE
SCENARIOS
Lo,w¢.at iulL_ Opa.d*al. We_eluJ4_p
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JPL
SCIENCE DATA MANAGEMENT SUPPORT AT
SCIENCE TEAM SITE(S)
SCIENCE DATA RECORDS
OR PACKETS
CATALOGS
SELECTED SPICE DATA
/
SCIENCE TEAM FACILITY 1L
¥
J
ON-MNE
STORAGE
SCIENCE DATA RECORDS
CATALOGS
SCIENCE PRODUCTS
SELECTED SPICE KERNEL :
DATA i
i
SERVER
PHYSICAL
MED_A
(ON DEMAND)C*a_mui,a.n Op_aalow WorkJ*p
ELECTRONIC
FILE TRANSFER
REPORTS
NEW PRODUCTS
NETWORK
ACCESS
REMOTE USER
WORKSTATION
JPL-PROVIDED
CLIENT SOFTWARE
PUBLIC DOMAIN
TOOLS (MOSAIC.
GOPHER. ETC.)
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JPL SCIENCE DATA PROCESSING AND ANALYSIS
OUTLINE
• DATA FLOW AND PRODUCTS
• ONBOARD SCIENCE INSTRUMENT DATA PROCESSING
• SCIENCE INSTRUMENT DATA RECORD ASSEMBLY
• SCIENCE DATA MANAGEMENT
SCIENCE ANALYSIS PROCESSING SUPPORT
• SCIENCE DATA PRODUCT GENERATION
_ Cut Ibdom Op_dom Wwludlaqp
w_-_
J_:IL SCIENCE ANALYSIS PROCESSING SUPPORT:
IMPLEMENTATION OPTIONS
• SOFTWARE FOR PRODUCTION OF HIGHER ORDER SCIENCE
ANALYSIS PRODUCTS AVAILABLE FROM MULTIPLE SOURCES:
- JPLANDOTHERGOVERNMENTAGENCIES
• VICAR,UNKWINDS,PICS(USGS)
- COMMERCIALSOURCES
• IDL,PVWA_, A_
- PUBUCDOMAINPACKAGES
• KHORO6
- P.I.ANDSCIENCETEAMFACILITIES
• EVOLVING TECHNOLOGY SUPPORTS INCREASING ROLE FOR
SCIENCE TEAMS IN PRODUCTION OF HIGHER LEVEL PRODUCTS
BEYOND THE EDR
• INDIVIDUAL SCIENCE TEAMS WILL MAKE DECISIONS ON
SUPPORTING SCIENCE ANALYSIS
PROCESSING BASEDON THEIR OWN CAPABILITIES, AVAILABLE
FACILITIES, AND COST
• JPL CAPABlUTIES ARE AVAILABLE TO SUPPORT SCIENCE
ANALYSIS AT SCIENCE FACILITIES OF NASA-FUNDED SCIENCE
TEAM MEMBERS
L.w¢.d nau.._. Op_.a_,_ W.d,.n,q, WIG -_
JPL SCIENCE ANALYSIS PROCESSING SUPPORT
DEMONSTRATION: CAPABILITIES NOT NORMALLY FOUND IN
COMMERCIALLY AVAILABLE OR PUBUC-DOMAIN SOFTWA_IE
• CARTOGRAPHIC PROJECTIONS FOR BODIES OTHER THAN
THE EARTH
• INTERFACE WITH ANCILLARY DATA FILES (e.g., SPICE
KERNEL, SPACECRAFT ENGINEERING DATA SOURCES)
• ABILITY TO HANDLE DATA SETS OF LARGE DIMENSIONS (e.g.,
LARGE DIGITAL IMAGE MOSAICS, MULTISPECTRAL
INSTRUMENTS)
• RADIOMETRIC RECONSTRUCTION OF COLOR IMAGERY FROM
• MULTIPLE IMAGES ACQUIRED THROUGH SPECTRAL RLTERS
• IMAGE REGISTRATION TO LESS THAN ONE PIXEL ACCURACY
I_ Cut IEMA_m01_dou WeatalUop
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JPL SCIENCE DATA PROCESSING AND ANALYSIS
i
OUTLINE
DATA FLOW AND PRODUCTS
ONBOARD SCIENCE INSTRUMENT DATA PROCESSING
SCIENCE INSTRUMENT DATA RECORD ASSEMBLY
SCIENCE DATA MANAGEMENT
SCIENCE ANALYSIS PROCESSING SUPPORT
SCIENCE DATA PRODUCT GENERATION
I_ Co_ IIIbdou 01_dlo_ Workain_
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JPL SCIENCE DATA PRODUCT GENERATION
• THE PRINCIPAL INVESTIGATOR'S DELIVERABLE TO NASA IS AN
ARCHIVAL-QUALITY DATA RECORD IN PLANETARY DATA SYSTEM (PDS)
COMPATIBLE FORMAT
• PDS IS RESPONSIBLE FOR POST-MISSION DATA RETENTION AND
DISSEMINATION
• P.I. DETERMINES CONTENT OF PDS DELIVERABLE PRODUCT
- LEVEL OF PROCESSING OF INSTRUMENT DATA
- DELIVERY OF INSTRUMENT CAUBRATION DATA
- ANCILLARY DATA INCORPORATED INTO DATA PRODUCT
- SOFTWARE
- DOCUMENTATION
• CURRENT MEDIUM OF CHOICE FOR PDS PRODUCTS IS CD-ROM
IDEMONSTRATION: PLANETARY ANALYSIS TOOL (PLATO)- NASA-FtJNOEDSOFTWARE THAT SUPPORTS QUERY AND RETRIEVAL OF IMAGE DATA FROM PDS CD-ROMS• DEMONSTRATION ILLLISIRATES RETRIEVAL OFIMAGE DATA BASED ON SPECIFIC SEARCH cRn-r.RIA
• PLATO ALSO SUFqPORI'SAPPUCATION OF INSTRUMENTCALIBRAllON RLES TO IMAGE DATA,
iNTERFACE WITH SPICE KERNELS, AUTOMATIC MOSAICKING,AND OTHER FEATURES
Low _ IlbalL_ Opardeu Wm'lud_p w_ - 29
JPL THE PLANETARY DATA SYSTEM (PDS)
ORGANIZATION:
- POS DISCIPUNE NODES DEFINE SCIENTIFIC OBJECTIVES AND
ESTABLISH PRIORITIES FOR RESTORATION OF OLDER DATA SETS
• NODES INCLUDE GEOSCIENCES, ATMOSPHERES, PLANETARY
PLASMA INTERACTIONS, IMAGING, RINGS, SMALL BODIES,
NAVIGATION ANCILLARY INFORMATION FACILITY (NAIF), SPICE
KERNEL
- POS CENTRAL NODE AT JPL ESTABLISHES STANDARDS AND WORKS
WITH ACTIVE MISSIONS TO DERNE ARCHIVAL PDS-COMPATIBLE DATA
SETS
ROLE:
- PROVIDE THE BEST PLANETARY DATA TO THE MOST USERS FOREVER
DATA RESTORATION ROLE:
- PUBLISH COMPLETE ARCHIVE PRODUCTS FROM PAST PLANETARY
MISSIONS FOLLOWING PRODUCT DESIGN, PEER REVIEW OF DATA AND
DESCRIPTIVE LABELS, AND VALIDATION OF THE PROOUCTS
li_ C_I Jbdoe Oi_dou WeadrMIm9 W_-30
J_ll. ADAPTATION EXAMPLE-MARS PATHFINDER
PAYLOAD
- LANDER STEREO COLOR CAMERA, ROVER CAMERAS, AXP
APPROACH
- JPL MULTIMISSION FACILITIES USED FOR:
• REAL-TIME PROCESSING, DECOMPRESSION, DATA RECORD
FORMATION, PHOTOPRODUCTS, REAL-TIME DISPLAY, DATABASE
MAINTENANCE AND CATALOG, PRODUCTION OF FOS-COMPATIBLE
EDR'S ON CD-ROM
• DEDICATED UNIX WORKSTATION USED TO SUPPORT THESE
ACTIVITIES
- LANDER IMAGING SCIENCE TEAM PERFORMS HIGHER LEVEL LANDER
IMAGE PROCESSING
- ROVER NAVIGATION TEAM PERFORMS STEREO IMAGE ANALYSIS AND
ROVER NAVIGATION COMPUTATION
- AXP .SCIENCE TEAM PERFORMS PROCESSING BEYOND LEVEL 0
TOTAL DEVELOPMENT FOR LESS THAN $200K IN REAL-YEAR
DOLLARS BY ADAPTING JPL MULTIMISSION CAPABILITIES THAT
SUPPORT THE FUNCTIONS SHOWN ABOVE
WSG - 31
JPt.
"UNSCRIPTED DEMONSTRATIONS"
LATER TODAY IN VON KARMAN AUDITORIUM
AESOP
- ADVANCED END-TO-END SIMULATION OF ONBOARD PROCESSING
VICAR
- INSTRUMENT DATA PROCESSING SOFTWARE
UNKWiNDS
- SCIENCE ANALYSIS SUPPORT SYSTEM
PLATO
- PROCESSING AND DISPLAY OF IMAGE DATA FROM lOS DATA SETS
DBVIEW
- SCIENCE DATA MANAGEMENT SYSTEM CLIENT SOFTWARE
STEREO AND ANIMATION
_ MI,ui_ Opfdeu W,m'ksl_aqp
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JPL SCIENCE DATA PROCESSING AND ANALYSIS
INPUT FUNCTIONS
INSTRUMENT PACKET DATA
ANCILLARY DATA (SPICE
KERNELS )
ENGINEERING DATA
DECOMPRESSION (IF REQUIRED)
AGGREGATION OF PACKET LEVEL DATA INTO
INSTRUMENT DATA RECORDS (LEVEL 0)
CORRELATION OF INSTRUMENT DATA RECORDS
WiTH ANCILLARY AND ENGINEERING DATA
GENERATION OF INSTRUMENT DATA CATALOGS
AND INDICES
GENERATION OF HIGHER LEVEL SCtEIK_ DATA
RECORDS (lEVEL 1 AND ABOVE)
PREPARATION OF ARCHIVAL DATA RECORDS FOR
DEMVERY TO PD6 AND NSSDC
DATA ANALYSIS
PUBUC INFORMATION OFFICE PRESS RELEASE
PREPARATION
INSTRUMENT PERFORMANCE ANALYSIS
Lw C*_ mules OF_.Mw Wedud_lD
OUTPUT
DEVIATIONS FROM
BASEUNE MISSION
PLAN
INSTRUMENT
CAUBFIATION FILE
UPDATES
QUICK-LOOK AND
ARCHIVAL DATA
RECORDS
SCIENTIRC PAPERS
HARD COPY PROOUCTS
PRESS RELEASES
REAL-TIME DATA
DISPLAY
WBG -33

Jill
I
Low Cost Mission Operations Workshop
MISSION DESIGN, PLANNING,
and
SEQUENCING
Dr. Thomas W. Starbird
Sequence System Engineer
Multimission Operations Systems Office
TS-I
JPL MISSION DESIGN, PLANNING, AND SEQUENCING
JPL MISSION DESIGN, PLANNING, AND SEQUENCING
OUTLINE
• UPUNK PROCESS
• UPUNK PLANNING PROCESSES
• ADAPTATION SUMMARY
• HOW TO REDUCE COSTS
• PARTNERSHIP OPTIONS
law Cod( ]16_lm elm-dleu Wmtsbop
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Jpl. UPLINK PLANNING AND SEQUENCING
TRANSFORM SCIENTIFIC AND ENGINEERING GOALS INTO
SPACECRAFT EVENTS
"I_-4
JPL UPLINK PROCESSES
PLANNING
k
• MISSION DESIGN
• MISSION PLANNING
• SCIENCE OBSERVATION GENERATION
• OBSERVATION INTEGRATION
• POINTING OBSERVATION DESIGN 1
II
SEQUENCE GENERATION AND INTEGRAT,ON I
ii
COMMAND LOAD GENERATION _SEOUENC_NGi s ouENcEv.F,CATION /
GROUND SEQUENCE GENERATION J
_ Co,_ _q 4_,a.d_ Wer]ukep
TS-S
JPt. BEFORE MISSION OPERATIONS
_RUISE
CAUBRATION{ LAUNCHm_
SClENCE_IlaSgON
• TRAJECTORY CHOSEN
• OPERATIONS CONCEPT DEVELOPED
• SCIENCE SCENARIOS DEVELOPED
• GROUND TOOLS DEVELOPED
b,w c.d m.d_ _.._,... w.,q,._p
TS-$
JPL TRAJECTORY TO MARS
LP Close : Lounch 11/24/96 - Arrivol 09/21/99
_ Imulu 01m'dl,amJ Wwlkdmtm
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JPL UPLINK PROCESSES
I
• MISSION DESIGN |
• MISSION PLANNING i PLANNING
• SCIENCE OBSERVATION GENERATION
• OBSERVATION INTEGRATION
• POINTING OBSERVATION DESIGN 1
• SEQUENCE GENERATION AND INTEGRATION_
• COMMAND LOAD GENERATION _SEQUENCING
• SEQUENCE VERIFICATION /
• GROUND SEQUENCE GENERATION J
_ _ nm-_om O]l_'ndlionm We_'lkadNiD
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JPL MISSION PLANNING
. MISSION REQUIREMEN'_3
• MISSION DESIGN_ /_
¢m_scTom_ _t.x_s
• _ REQUIREMENTS
• S_C SPECIFICATIONS
• _C FUGHT RULES
* MflmON Pt.AN
• MISSION TIMEUNES
- MISSION RULES, GUIDELINES. AND OONSTRAINTS
• CONllNOENCY PLANS
1"5-9
Low c_a ns,_,m Ox,wmaSouww.k,_lM_
JPL VOYAGER NEPTUNE TRAVEL GUIDE
Jill. MISSION RULES, GUIDEUNES, CONSTRAINTS
EXAMPLES
• SCHEDULE SPACECRAFT EVENTS THAT REQUIRE REAL.
TIME MONITORING DURING PRIME SHIFT
• DO NOT REQUIRE UPMNKS DURING SOLAR CONJUNCTION
• DO NOT OVERWRITE CRmCAL DATA STORED ON
RECORDER UNTIL PLAYBACK DATA IS VERIFIED
• RECORD CRmCAL DATA AS WELL AS TRANSMWrlNG IT IN
REAL TIME
• RECORD TELEMETRY 15 MINUTES BEFORE AND AFTER
CRITICAL ACTIVITIES
• ALLOCATE RESOURCES TO ACTIVITIES AND MISSION
PHASES, TO ENSURE ADEQUATE RESOURCES FOR
FUTURE TASKS
1amCoetUb.de80peNditoMWeekJbep
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Jill UPLINK PROCESSES
uralS. PLANNING
MISSION DESIGN
MISSION PLANNING
SCIENCE OBSERVATION GENERATION
OBSERVATION INTEGRATION
POINTING OBSERVATION DESIGN "_
i
SEQUENCEGENERATION AND INTEGRATIONII
II
COMMAND LOAD GENERATION _ SEQUENCING
II
SEQUENCEVERIFICATION I
GROUND SEQUENCEGENERATION j
LayCoatlSadN 0perde_ Weduthop
T_-$2
JPL SCIENCE OBSERVATION GENERATION
DETERMINE OBSERVATION OPPORTUNITIES BASED ON
- SCIENCE GOALS
- GEOMETRY, EPHEMERIDES, AND SCIENCE MODELS
SPECIFY OBSERVATION AT HIGH LEVEL
ila.v Cu, i am._ 4m Opa.mllm Wu,kdN, lp
JPL SCIENCE OBSERVA_ON GENERATION
DEMONSTRATION OFSEQ POINTER FOR
PLANETARY ENCOUNTEROF SATURN
• VISUAUZING IMAGING FOOTPRINTS ON SATURN
• CHANGE TIME OF OBSERVATION
- FOOTPRINTS CHANGE
• CHANGE NUMBER OF MOSAIC IMAGES
_ _ Ml_km OIm'uB4mJ lhdudu_
TS-14
Jill SEQ_POINTER
• GENERATES, DESIGNS,AND MODELS REMOTE-SENSING
OBSERVATIONS
• COMPUTES GEOMETRIC QUANTITIES
• EPHEMERIDES (SPACECRAFT and SOLAR BODIES)
• CONICS
• SPICE KERNEL (INTEGRATED TRAJECTORY)
• COORDINATE SYSTEMS
• 3-D IMAGE, TARGET BODY, AND FOOTPRINTS
• UGHTING ANGLES, SLANT RANGE TO TARGET...
0 APPUES SPACECRAFT CHARACTERISTICS
0 FIELD OF VIEW
0 SLEW / TURN RATES, CONSTRAINTS
00NBOARD CAPABILITIES (e.g., MOSAIC)
• IS INTERACTIVE WITH USER
• READ6 / WRITES FILE INTERFACES, WITH SEQ GEN
M ore Noadal_ation required
O Requires adaptatio_ to project needs
¢e_ IIIMtu elm.de_ W_3AdbqD TS-15
JPL SEQ_POINTER SCREEN DUMP
ili!!i
Lev CNt Misdee Opfde_ Werkdtep
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JPL UPLINK PROCESSES
• MISSION DESIGN
• MISSION PLANNING
• SCIENCE OBSERVATION GENERATION
• OBSERVATION INTEGRATION
PLANNING
• POINTING OBSERVATION DESIGN 1
• SEQUENCE GENERATION AND INTEGRATIONI
COMMAND LOAD GENERATION _'SEQUENCING
SEQUENCE VERIFICATION I
GROUND SEQUENCE GENERATION J
l.m,' Celt IILn,a/,.n 0pm'.,'aou W,o_"ln,d, ,p
PLANNING AND SEQUENCING CAN BE
JPL GEOGRAPHICALLY DISTRIBUTED OR CENTRALIZED
tow_ lib, des OlNn,aak_ W,0du,IN,I,
"l'e.,. 18
JPL OBSERVATION INTEGRATION
MERGE SCIENCE OBSERVATIONS, ENGINEERING, AND
NAVIGATION ACTIVITIES
MODEL KEY LIMITED OR SHARED RESOURCES (SPACECRAFT
AND GROUND)
- INTERACTION OF OESERVATIONS WITH SPACECRAFT
RESOURCES
- INTERACTION OF OBSERVATIONSWITH GROUND (e.g.,
TRACKING STATIONS)
- INTERACTION OF OBSERVATIONSWITH EACH OTHER
- INTERACTION OF OBSERVATIONSWITH ENGINEERING AND
NAVIGATION
RESOLVE CONFUCTS
t.v Co, t Jlbdo80perdSeea We_ud*ep
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JPL OBSERVATION INTEGRATION
DEMONSTRATION OF PLAN-IT II FOR
PROTOTYPE OF EARTH OBSERVING SYSTEM (DOS)
DISTRIBUTED SCHEDULING CONCEPT
• GENERATE TARGET OBSERVATIONS
• GENERATE SLEWS TO CORRECT POINTING CONFUCTS
• GENERATE GLOBAL MAPPING OBSERVATIONS TO FILL
AVAILABLE TIME
• ACCEPT REMOTE, EXTRA OBSERVATION REQUEST AND
RESOLVE CONFUCT
i.v c._ mm/,m*_,.mm. w..q_._
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JPL PLAN-IT-II (PROTOTYPE FOR APGEN)
• THE STATE-OF-THE-ART "SPREAD SHEET" APPROACH TO TIMEUNE
INTEGRATION AND CONFLICT DETECTION / RESOLUTION
• PANOPLY OF RESOURCE TYPES, CONSTRAINT TYPES
O ADAPTER CHOOSES
• PANOPLY OF ACTIONS TO CHANGE PLAN
• APPUED BY USER OR ALGORITHM
(3 FULL CONNECTIVITY BETWEEN ACTIVITIES AND RESOURCES
• REPORTS ALL CONTRIBUTORS TO CONFLICTS
• DISCREET EVENTS AND INTERVAL ACTIVITIES
(3 MULTIPLE LEVELS OF ABSTRACTION
(3 ADAPTER CAN AUTOMATE PLANNING STRATEGIES
• EXAMPLE: PLACE OBSERVATION TO MINIMIZE CONFLJCTS
• HANDLES EVENT-DRIVEN IMPUCATIONS
• ADAPT FUNCTION IS PART OF THE TOOL
more : Fixod
Q or O = Adl._o_
_ ]Huh.n, Opm...,I.u Wwln,dn*p
JPL PLAN-IT-II SCREEN DUMP
_lLaz.m,._s
z.,w c,._ m.4.,. _,_..m,w w.d_,.p
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JPL UPLINK PROCESSES
MISSION DESIGN 1
• MISSION PLANNING t PLANNING
SCIENCE OBSERVATION GENERATION /
OBSERVATION INTEGRATION J
POINTING OBSERVATION DESIGN ]
SEQUENCE GENERATION AND INTEGRATION I
COMMAND LOAD GENERATION _ SEQUENCING
SEQUENCE VERIFICATION /
GROUND SEQUENCE GENERATION J
IIAwend nan-_ _ Olm'odlS,a_e,Ww]k_k*Ip
_-23
JPL POINTING OBSERVATION DESIGN
COMPLETE DETAILS OF EACH OBSERVATION
USE SPACECRAFT AND INSTRUMENT CHARACTERISTICS
AS WELL AS GEOMETRY, o.g.
- FIELDS OF VIEW
- SLEW / TURN RATES AND CONSTRAINTS
I,ov ¢.,adl IIIIMi_ OnNnafm_ WqMdk_dm]_
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JPL UPLINK PROCESSES
1
• MISSION DESIGN |
i MISSION PLANNING _' PLANNING
/
SCIENCE OBSERVATION GENERATION /
OBSERVATION INTEGRATION J
POINTING OBSERVATION DESIGN 1
SEQUENCE GENERATION AND INTEGRATION I
COMMAND LOAD GENERATION _'SEQUENCING
SEQUENCE VERIFICATION I
GROUND SEQUENCE GENERATION J
ILa_ q_oal NLJL_ Openaloa_ Wwludmp TS-2S
JPL SEQUENCE GENERATION AND INTEGRATION
• CONVERT SCIENCE, ENGINEERING AND NAVIGATION
ACTIVITIES INTO SPACECRAFT "TERMINOLOGY"
• MERGE ALL ACTIVITIES REQUESTED
• EXPAND TO MNEMONIC SPACECRAFT COMMANDS (AND
CALLS TO ONBOARD BLOCKS)
• • CHECK FLIGHT, MISSION, AND COMMON-SENSE RULES
• PRODUCE MNEMONIC SEQUENCE
• PREDICT SPACECRAFT EVENTS
Ilmw_ IIIlulLm Op_,Wllou Wedui0op
JPL SEQUENCE
CONSISTS OF SPACECRAFT COMMANDS
- LOW LEVEL (e.g., FUP SWITCH)
- HIGH LEVEL, DETERMINISTIC(e.g., MOSAIC SLEWS) ("ON-
BOARD BLOCKS")
- HIGH LEVEL,STATE-DEPENDENT (e.g., ROVER TRAVERSE)
('BEHAVIORS")
TIME-BASED OR EVENT-DRIVEN
EXECUTED IN REAL TIME OR STORED IN SPACECRAFT
MEMORY
1rowCo_ 18itdee Operdou Wedudtep
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JPL STORED SEQUENCE
WHOLE SEQUENCE UPUNKED AT ONE TIME
STORED IN SPACECRAFT MEMORY
EACH COMMAND EXECUTED BY SPACECRAFT AT
SCHEDULED TIME OR EVENT
WHY STORED SEQUENCES?
- ACCOMMODATES DELAYS IN FUGHT TIME
- USES LESSGROUND STATION
- MAKES EXACT TIMING OF UPUNK TIME UNIMPORTANT
- ALLOWS SPACECRAFT ACTIVITY WHEN NOT VISIBLE OR
STATION IS UNAVAILABLE
- CAN VERIFY RECEIPT OF ALL COMMANDS BEFORE
EXECUTION OF ANY
- IS A STEP TOWARDAUTONOMOUS SPACECRAFT
L.v Co./mJdee _ wm.b_,-p TS-28
JPL LIGHT TIME
TIME FOR MESSAGE TO TRAVEL FROM EARTH TO AND
FROM SPACECRAFT
UMITS GROUND PARTICIPATION IN ACTIVE SPACECRAFT
TODAY'S ROUND TRIP LICzHT TIME frem FARTH
GALILEO
VOYAGER 1
VOYAGER 2
MAGELLAN
ULYSSES
PIONEER 10
PIONEER 11
58 mmmum
15 houri 13 minuta
11 houri 48 min -t,'-
26 minut_
48 minum
16 houri 35 minute*
1 ! hours 8 rain ,,t-.
Imwc../_- d.e _1_h,m w.a.]u_,_ 1-s• _.D
JPL SEQUENCE GENERATION AND INTEGRATION
DEMONSTRATION OF SEQ GEN FOR PROTOTYPE OF
CASSINI ULTRAVIOLET SP'ECTROMETER PLANNING
EXPANSION OF SPACECRAFT BLOCKS (MACROS) TO LOW-
LEVEL COMMANDS
CONFUCT IDENTIFICATION AND RESOLUTION
GRAPHING OF MODEL ATTRIBUTES
la_ _ illumlN OiNraNa Waa.lmkalp
TB-_0
JPL BLOCKS
• GROUPS LOW-LEVEL COMMANDS FOR A HIGH-LEVEL ACTION
• ONE BLOCK YIELDS SEVERAL COMMANDS
- EITHER A FIXED LIST OF COMMANDS
- OR GOVERNED BY PARAMETERS AND LOGIC
• EXAMPLES:MANEUVER,MO6AIC
• EXPANDING COMMANDS CAN BE DONE ON GROUND OR ON
SPACECRAFT
• CAN BE REUSED
• DESIGNS OUT CONFLICTS; ENFORCES HOW TO OPERATE
SPACECRAFT
• FOSTERS HUMAN-LEVEL THINKING
- SPACECRAFT CAN EXPAND INTO DEMANDS
- BLOCKS ARE PRETESTED, WHICH EUMINATES NEEDFOR
TESTING COMMANDSTHAT USE THE BLOCK
• COST INGREDIENTS:
- SEQUENCING IS CHEAPER TO SEQUENCE AT BLOCK LEVEL
• TOO EXPENSIVE TO HANDCRAFT EVERY SEQUENCE
- FEWER AND SIMPLER BLOCKS ARE EASIER TO DESIGN AND
TEST
T_J- 31
JPL SEQUENCE INTEGRATION - CONSTRAINT CHECKING
M_S_ON RULES
_ _ RULES
PIP
A SEQUENCE MUST PASS MANY RULES GATES
lain Ced IE_d_ _d_ W_
.JPL
EXAMPLE RULES AND CONSTRAINTS
CHECKED IN SEQUENCE INTEGRATION
• PLAY BACK STORED DATA BEFORE IT IS OVERWRrI'rEN
• DOWNUNK RATE MUST NOT EXCEED UNK CAPABILITY
• TRANSMIT ONLY WHEN TRACKING STATION IS ALLOCATED
• DON'T USE MORE PROPELLANT PER ORBIT THAN ALLOCATED
• COVER INSTRUMENTS BEFORE FIRING THRUS11ERS
• DON'T ISSUE TOO MANY COMMANDS AT ONCE - PROCESSOR MAY DROP
SOME
• RRE THE THRUSTERS EVERY 62 DAYS TO CLEAR THE UNES
• DON'T TRY TO SLEW TOO FAST (WILL EXCEED AVAILABLE POWER AND
FICTURE WiLL SMEAR)
• DON'T TAKE MORE THEN 50K IMAGES - NO BUDGET TO PROCESS EXTRAS
• DON'T MAKE SEQUENCES BIGGER THAN MEMORY ON SPACECRAFT
• DON'T COMMAND AN INSTRUMENT THAT IS OFF (EXCEPT TO TURN IT ON)
DON'T PUT TOO MUCH DATA ON THE BUS AT ONCE
DON'T TURN WITHIN 30 _OF SUN FOR MORE THAN ONE HOUR
SOME RULES DISAPPEAR OR SIMPUFY WITH MARGINS AND
PRE-ALLOCATION OF TIME AND RESOURCES
ILew¢oa_lui_ q_,m.mallJ W,.arlull_p
_-33
JPL SEQ_GEN
KNOWS MNEMONIC SPACECRAFT COMMANDS, BLOCKS, MODELS AND
RULES
• EXPANDS BLOCKS TO COMMANDS
• MODELS EFFECT ON SPACECRAFT, CHECKS RULES
• PREDICTIONS ARE ARED IN SPICE KEFINELS
• PREDICTIONS MAY BE NEEDED TO ANALYZE ANOMAUES
• SHOWS VIOLATIONS
• IS USER INTERACTIVE
• m' • : No ad_:tltion mqulmd
Q : Requires adaptation
L,,w c._ m../_ q,_.m,,,, w,a.]ua_ TS-34
JPL SEQ GEN SCREEN DUMP - SG1
.... II .......
acquit: io:o:o I i,._: i _
rasp: i -k.-_,m-
_ r_nma _m
b,,wCeat Ib_bm Onm.slSeuWee]kak_
TS-3_
JPL SEQ_GEN SCREEN DUMP - SG2
tow Cod Ibde80pm'aaeas Wwkakep TS-3_
JPL UPLINK PROCESSES
MISSION DESIGN ]
MISSION PLANNING t PLANNING
SCIENCE OBSERVATION GENERATION /
• OBSERVATION INTEGRATION J
POINTING OBSERVATION DESIGN I
SEQUENCE GENERATION AND INTEGRATION I
COMMAND LOAD GENERATION _SEQUENCING
SEQUENCE VERIFICATION /
GROUND SEQUENCE GENERATION J
TS-37
JPL COMMAND LOAD GENERATION
__ 00101100"-"_ 001mI _: TO?B2E
SEQ GEN I __
CONVERT SPACECRAFT PACKAGE IN
MNEMONICS MEMORY SPACECRAFT
TO BITS MANAGEMENT PROTOCOL
],era ¢ul ilSail,m _MI_ WGe._
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JPL COMMAND LOAD GENERATION
JPL HAS MULTIMISSION CAPABILITY
- COST SAVINGS HINTS:
• USE CCSDS ° STANDARDS
• USE "COMMAND DATABASE" TO EXPRESS COMMANDS
- INITIALLY AND FOR UPDATES
DIRECTS MULTIMISSION SOFTWARE
• USE SIMPLE MEMORY MANAGEMENT SCHEME
ONGROUND OR ONBOARD
"CCSDS: Consultative CommlttN for Space DataSystems
lowCut Ikd_ _dm Weflu_ep TS-3e
JPL UPLINK PROCESSES
mll -
MISSION DESIGN
MISSION PLANNING
SCIENCE OBSERVATION GENERATION
OBSERVATION INTEGRATION
POINTING OBSERVATION DESIGN
SEQUENCE GENERATION AND INTEGRATIOI _
COMMAND LOAD GENERATION
SEQUENCE VERIFICATION
GROUND SEQUENCE GENERATION
PLANNING
SEQUENCING
'T_-_
JPL SEQUENCE VERIFICATION
• A BIT-LEVEL SIMULATOR IS SOFTWARE THAT SIMULATES THE
PROCESSING OF THE SEQUENCE BY THE SPACECRAFT
• USESBINARYFUGHTSOFTWARE
• USESBINARYCOMMANDLOAD
• BIT-LEVEL SIMULATION MAY BE DESIRABLE FOR
• CHECKINGSEQUENCES
• TESTING FLIGHT _ARE
• JPL HAS MULTIMISSION CAPABIUTY
O ADAPTERSUPPUESMODEUNGMODULES
• COSTSAVINGSHINT:
• 1750APROCESSORSIMULATIONMODULESBEINGIMPLEMENTED
• o¢ • = No adaptation required
QorO = Requlreladaptaflon
Ceantw-_a,n elm.adi,m, Wa,e']udh4qp
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JPL UPLINK PROCESSES
1
i MISSION DESIGN /MISSION PLANNING PLANNING/• SCIENCE OBSERVATION GENERATIONOBSERVATION INTEGRATION
i POINTING OBSERVATION DESIGN 1
SEQUENCE GENERATION AND INTEGRATIONI
COMMAND LOAD GENERATION _SEQUENCING
SEQUENCE VERIRCATION /
GnOUN0SEQuENcEaENERA'r|ON j
Low_ In=dee OIm'-'Sen8 W.,dn_dwlp
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JPL GROUND SEQUENCE GENERATION
• CREATE SCHEDULES FOR GROUND ACTIONS TO SUPPORT
SPACECRAFT ACTIVITY
GENERATE SEQUENCE OF EVENTS (GROUND INTEGRATED
WITH SPACECRAFT)
DEEP SPACE NETWORK (DSN) CONFIGURATION
COMMANDS AND SCHEDULE
PREDICTED TELEMETRY
Low _ IIBullom Op_u'0dllemJWu',kdwp
JPL GROUND SEQUENCE GENERATION
DEMONSTRATION OF SEG AND SEG SHELL FOR
MARS OBSERVER
• SEG HELPING USER CHOOSE INPUT FILES
• CHOOSE SUBPROCESSES TO EXECUTE
• VIEW SEQUENCE OF EVENTS
• VIEW DSN KEYWORDS RLE
l,,w qr,ut IIIluioa Olm, aalNa, wwlrud_oip
_. ,kll
JPL SEG SHELL
• CONTROLS OPERATION OF SEG
• PRESENTS FILE NAMES, LETS USER CHOOSE OR OVERWRITE FILES
• ALLOWS USER SELECTION OF FUNCTIONS TO EXECUTE
Q ADAPTER CAN BE CONFIGURED TO CONTROL OTHER PROGRAMS
• or • : No idillllitlolrl required
Q or O : Requires adapilltlorl
_ _ Nil,loan el_'do_ Wuli_lq,
JPL SEG SHELL SCREEN DUMP
m
i I'll,1 l _"Si ml
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ORIGINAL PA_E IS
OF POOR QUALITY
JPL SEG (SEQUENCE OF EVENTS GENERATOR)
DERIVE DSN CONRGURATION COMMANDS / SCHEDULE FROM
SPACECRAFT SEQUENCE
O BASED ON ADAPTER-SUPPUED TABLES
• WRITES "DSN KEYWORD FILE"
• DERIVES TELEMETRY PREDICTIONS FROM SEQUENCE COMMANDS
O BASED ON ADAPTER-SUPPMED TABLES
• DISPLAYS SPACE FLIGHT OPERATIONS SCHEDULE
• HAS USER INTERACTIVE EDITOR
• EXTRACTS OR HIGHLIGHTS SUBSETS
• PUTS CHANGE BARS
• or • = No adaptation required
Q or O = Requires adaptation
Ira, red Ilbdu elm'dim W_p
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JPL SEG SCREEN DUMP
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JPL UPLINK PLANNING PROCESSES
• MISSION DESIGN
- PRE-LAUNCH
- DESIGN TRAJECTORY
• MISSION PLANNING
- MISSION PLAN, HIGH-LEVEL TIMEUNES
- MISSION RULES, GUIDEUNES, CONSTRAINTS
- CONTINGENCY PLANS
• SCIENCE OBSERVATION GENERATION
- PLAN OBSERVATIONS BASED ON GEOMETRY AND EPHEMERIDES
• OBSERVATION INTEGRATION
- MERGE SCIENCE, ENGINEERING, AND NAVIGATION ACTIVITIES
- MODEL ATTRIBUTES OF INTEREST TO SCIENTISTS, PLUS KEY UMITED OR SHARED
RESOURCES
- RESOLVE CONFLICTS
• POINTING OBSERVATION DESIGN
- ADD DETAILS, USING KNOWLEDGE OF SPACECRAFT
• FIELDS OF VIEW
• ABILITY TO DO TURNS
• ABILITY TO MOVE SCAN PLATFORM
_ man,adLuOp_,'_llama_Wu'kdml_p
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JPL UPLINK PLANNING PROCESSES (continued)
• SEQUENCE GENERATION AND INTEGRATION
- EXPAND TO MNEMONIC INSTRUCTIONS CORRESPONDING TO
ONES UNDERSTANDABLE BY SPACECRAFT
- MERGE ENGINEERING AND SCIENCE
- CHECK RULES: FLIGHT, MISSION, COMMON SENSE
• COMMAND LOAD GENERATION
- TRANSLATE MNEMONICS TO BITS
- MANAGE SPACECRAFT MEMORY
- PACKAGE INTO SPACECRAFT PROTOCOL
• VERIFICATION
- SIMULATE EXECUTION BY FLIGHT SOFTWARE OF THE COMMAND LOAD
• GROUND SEQUENCE GENERATION (UPUNK MISSION CONTROL)
- PLAN COORDINATED GROUND ACTIVITIES, SUCH AS DSN
IL_v¢_ nlbdw O_u'_nioamWod.bholp
JPL INTEGRATION AND SEQUENCING
LIGHT TIME FLE
DSN VEW PERIODS AND In I nm_tmn _ SOE
ALLOCATIONS FLES i S_E / DSN
' REO_EST ' I GENE_,nON/ /-I /
i .A_aA_O. P_mm I _1 IIO.. q',',TIM , m
*CPF: OOMMAND PACKET FILE: OONTAINS SEOUENCE IN SPACECRAFT PROTOCOL
• PEF: PREDatED EVENTS FILE
• SASF: SPACECRAFT ACTNrrY SEQUENCE FILE: CONTAINS BLOCKS & SPACECRAFT iNSTRUCTIONS
• SOE: SEQUENCE OF EVENTS: CONTAINS GIqO4JNO AND SPACECRAFT EVENTS
• SSF: SPACECRAFT SEQUENCE FILE: OONTAINS SPACECRAFT C:OMId&NS$ iN MNEMONIC FORM
HSSI HIGH SPEED SCIENCE SIMULATIONLow Ced IIE_ien elm-._e_ Wedud_p TS - Sl
JPL
ADAPTATION SUMMARY OF JPL
MULTIMISSION UPLINK SOFTWARE
• DEFINE SPACECRAFT CHARACTERISTICS RELATED TO POINTING (e.g.,
FIELDS OF VIEW, TURN RATES; CONSTRAINTS. MOSAIC) (TABLES + C)
• IDENTIFY KEY, HIGH-LEVEL UMITED OR SHARED RESOURCES; BUILD
MODELS INTO PLANNING SOFTWARE (TABLES)
• DEVELOP AUTOMATED SCHEDULING STRATEGIES, ADD TO PLANNING
SOFTWARE (LISP)
• DEFINE SPACECRAFT COMMANDS, PUT INTO COMMAND DATA BASE
(UTILE LANGUAGE)
• DEFINE BLOCKS, PUT INTO SEQUENCING SOFTWARE (LITTLE
LANGUAGE)
• DEFINE FLIGHT AND MISSION RULES - BUILD SEQUENCING SOFTWARE
MODELS TO CHECK (SOME OF) THE RULES (TABLES, LITTLE
LANGUAGE. C OPTIONAL)
• DEFINE SPACECRAFT MEMORY MANAGEMENT (WHETHER IT IS DONE
ONBOARD OR ON THE GROUND) - PUT IT INTO SOFTWARE
- MACROS (IF ON GROUND)
• DEFINE COMMAND/TELEMETRY RELATIONSHIPS (TABLES)
• DEFINE SPACECRAFT ACTION IMPLICATIONS ON DSN ACTIVITY (TABLE)
• DEFINE PROGRAM CONTROL SHELL
Lev Cod madoe OpenDNa We_kaltep TS-S2
JPL HOW TO REDUCE COSTS
USE EXISTING MULTIMISSION SOFTWARE
- CHEAPER TO ADAPT THAN TO BUILD NEW
- REDUCTION OF MAINTENANCE COSTS BY AMORTIZATION
OVER MULTIPLE PROJECTS
- APPLICABLE TO SIMPLE AND COMPLEX MISSIONS
- ADDITIONAL CAPABlUTY IN RESERVE (FALLBACK)
MINIMIZE PAPER INPUTS / INTERFACES
FOLLOW STANDARDS
- CCSDS TELECOMMAND
- FILE FORMATS
• IEEE FLOATING POINT
• CRC / CHECKSUM
• SIMPLE SPACECRAFT CLOCK
CodmM,IL_Op,a'd.u Wa,'lnJdM,p
JPL HOW TO REDUCE COSTS (continued)
DESIGN SPACECRAFT, MISSION, AND OPERATIONS
CONCURRENTLY
- USE MARGINS IN SPACECRAFT TO AVOID OPERATIONS
COMPLEXITY
- PLAN TO AVOID CONFLICT: ALLOCATIONS AND BLOCKS
USE INTERPLANETARY MISSION EXPERIENCE OF JPL
IF CCSDS STANDARDS ARE FOLLOWED AND SPACECRAFT
INFORMATION IS AVAILABLE, A BASIC UPUNK GROUND
SYSTEM CAN BE MADE AVAILABLE IN THREE TO SIX
MONTHS
Lw Ceet]Jt_iee Openh_ Wedwbep
TS- 5,8
PARTNERSHIP OPTIONS"
Jill JPL WITH SELECTED PRINCIPAL INVESTIGATORS
UPUNK OPERATIONS SYSTEM
- PLANNING I EXECUTION
- PEOPLE
- SOFTWARE
UPUNK SOFTWARE SYSTEM
- DESIGN
- ADAPTATION
- MAINTENANCE: ACCESS TO UPGRADES
UPUNK COMPONENTS
- OPERATIONS
- ADAPTED SOFTWARE
kew Cue IaM_ OperalS,m,. W_
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JPL UNSCRIPTED DEMONSTRATIONS
• SEQ POINTER
REMOTE SENSING OBSERVATION GENERATION AND DESIGN
• PLAN-IT-II
ACTIVITY REQUEST GENERATION AND INTEGRATION
• SEQ_GEN
SEQUENCE GENERATION AND INTEGRATION
• SEG SHELLAND SEG
SEQUENCE OF EVENTSGENERATOR AND ITS OPERATIONAL SHELL
• COMMAND TRANSLATION TOOL KIT
COMMAND MNEMONICS, BIT PATTERNS, AND CORRESPONDING
TELEMETRY
Cut _ _dua Werka_ TS.57

JPL
Low Cost Mission Operations Workshop
MISSION DATA TRANSPORT
and
DELIVERY
Robert E. Edelson
Functional Area Manager: Telemetry
Multimission Operations Systems Office
_ Nlbdu Olin, don Wodmh,n_ REE.I
JPL MISSION DATA TRANSPORT AND DELIVERY
JPL DATA TRANSPORT AND DELIVERY
i
OUTLINE
DATA TRANSPORT PROCESS
DSN MISSION SUPPORT
- DSN MISSION SUPPORT FUNCTIONS
DATA SYSTEM OPERATIONS MISSION SUPPORT
- TELEMETRY DATA PROCESSING DEMONSTRATION
- DATA TRANSPORT FUNCTIONS
- ON-UNE STORAGE CONTENT
- DATA QUERY DEMONSTRATION
PERFORMANCE
HOW TO REDUCE COST
MARS PATHFINDER DEMONSTRATION
CONCLUSION
imwCue IIsdw Olm'de_ W,_b_ REE-3
JPt. DATA TRANSPORT DATA PROCESSING
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JPL DATA TRANSPORT DATA PROCESSING (continued)
Wmtmlatbn Dm Pmammlng
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CDRs (ON o_/)
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JPL DSN MISSION SUPPORT
i
Lew ce_ Ubd.e _ WeebU.p
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JPL DEEP SPACE NETWORK
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JPL DEEP SPACE NETWORK FUNCTIONS
• ACQUIRE TELEMETRY DATA FROM SPACECRAFT AND
PROVIDE IT TO FUGHT PROJECTS
• ACCEPT COMMAND DATA FROM FLIGHT PROJECTS,
TRANSMIT COMMANDS TO SPACECRAFT, AND CONFIRM
COMMAND TRANSMISSIONS
• WHEN REQUIRED, GENERATE RADIOMETRIC, RADIO SCIENCE,
AND VERY LONG BASEUNE INTERFEROMETRY (VLBI) DATA
FOR FLIGHT PROJECTS AND OTHER USERS
• GENERATE PREDICTIONS FOR SIGNAL ACQUISITION
• SCHEDULE COMMUNICATIONS WITH SPACECRAFT
• PARTICIPATE WiTH FUGHT PROJECTS IN THEIR TEST AND
TRAINING
- COMPATIBILITY TEST TRAILER AVAILABLE FOR TEST SUPPORT
AT REMOTE SITES
Further Information Is available in the DSNdocument:
DSN Support of Earth Orbiting and Deep Space Missions
_ m-dN_OU Wl
_-8
JPl. DATA SYSTEMS OPERATIONS MISSION SUPPORT
REE-9
JilL
TELEMETRY DATA PROCESSING
DEMONSTRATION
• AUTOMATIC CONRGURATION AND INmATION OF
OPERATIONS
• ESTABUSHING INTERFACE WITH DEEP SPACE NETWORK
• INITIATION OF TELEMETRY INPUT AND DATA STREAM
PROCESSING
• INITIATION OF ON-UNE STORAGE AND ESTABUSHING
DATA ROUTING
INITIATION OF WORKSTATION DISPLAYS AND REAL-TIME
PROCESSING OF DATA FOR VOYAGER, ULYSSES, AND
GAULEO (AS AVAILABLE)
J,ev ced mJde. *pa.aae.,Wee.bdj.p
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JPL
TELEMETRY DATA PROCESSING
DEMONSTRATION (continued)
USER WORKSTATION CAPABILITIES
- DATA NUMBER / ENGINEERING UNITS CONVERSION
- DERIVED CHANNELS
- ALARM UMIT CHECKING
- PRESENTATION TOOLS FOR CHANNEL VALUE DISPLAY:
• TABULAR DISPLAYS (TEXT)
• DATA FLOW DISPLAYS
• CHANNEL vs. TIME DISPLAYS
• CHANNEL vs. CHANNEL DISPLAYS
i,_ ted Ilbdw e;m.._m Wulud_lp
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JPt. DATATRANSPORTFUNC_ONS
i
• INTERFACE WITH DEEP SPACE NETWORK (DSN) FACILITIES TO
RECEIVE SPACECRAFT TELEMETRY AND GROUND MONITOR DATA
• TRANSFER OF COMMAND FILES TO THE DSN FOR RADIATION TO
THE SPACECRAFT
(3 DATA CAPTURE AND STAGING
O SPACECRAFT/INSTRUMENT TELEMETRY DATA
• GROUND SYSTEM PERFORMANCE DATA
0 TELEMETRY PROCESSING
O FRAME SYNCHRONIZATION
O PACKET EXTRACTION
0 CHANNEUZATION
O ERROR CORRECTION
• TIME ORDERING
• DATA RECALL
• DATA BESTING
• ore No adaptation required
[3 or O Requires adal_ation to project needs
IL,owCea_lul_ q_lNnii_ WGe]unll_lp P_-E- 12
JPL DATATRANSPORTFUNC_ONS(_ntinu_)
ON-UNE STORAGE
O ON-UNE DATA STORAGE IN EACH PROJECT'S DATABASE (VARIABLE
DEPENDING ON PROJECT NEED, TYPICALLY PROVIDE 32 GBYTES OF ON-
UNE STORAGE)
• EACH PROJECT'S DATABASE SUPPORTS OVER 25 SIMULTANEOUS
QUERIES
DATA DISTRIBUTION
• NEAR-REAL-TIMEOR NONREAL-TIME
• AUTOMATED OR ON DEMAND
• LOCALOR REMOTE
(3 SECURE REMOTE ACCESS VIA SCIENCE OPERATIONS PLANNING
COMPUTERS (SOPC's) FROM PRINCIPAL INVESTIGATOR'S FACIUTY
(CAN DO ANALYSIS WHEREVER NEEDED)
• or • NOadaptation required
Q or O Require _laptation to project n_eda
LN Cue _ OpenUew Wedud,ep
REE- 13
JPL DATA TRANSPORT FUNC_ONS (_nUnued)
ON-UNE STORAGE EXAMPLES:
Highest Nominal
Sl_cacrafl Dale Rate Data Rate
(_a) (_a)
Voyager I 1.41( 160
Voyager 2 7.21( 600
Ulysses 40K 8192
Galileo
Discovery
PossibiUlies
40
851(
1K- looK
L.v C.., m../,= Opw.e,_ w.sSd,.p
16
Vadsble
Vadabk
Storage
Capacity
(Gbytes)
2.4
2
32
2 - 40
Amount
of Data
Stored
(Days)
180
180
60
240
100
~100
REE* 14
JPL MISSION DATABASE - TYPES OF DATA
Distribuled MiNion Database
On-Line Stomp
f |n-ta Transport)
"_Nur-I.Im Acce-,.ible 9forage
(n-w Tmnspon)
} Imqe_ckmce _omge
} Archive
JPL DATA TRANSPORT FUNCTIONS (continued)
• SYSTEM MONITOR AND CONTROL
(3 TEST AND TRAINING SUPPORT
O DATA SIMULATION
• SYSTEM TEST AND INTEGRATION
• SUPPORT FOR USER ACCEPTANCE TESTING
O SUPPORT DURING FLIGHT SYSTEM TESTING (TEST TELEMETRY AND
COMMAND SYSTEM)
• or • No adaptation required
O or O Requires _laptatlon to project needs
LewCed Ilhdu qm'.._eu We_.d_],
REE- _&
JPL
DATA QUERY
DEMONSTRATION
(How to examine spacecraft data)
WORKSTATION EXAMPLE:
• INITIATING DATA ACCESS AND ESTABLISHING DATA
ROUTING
• INITIATING WORKSTATION DISPLAYS AND PROCESSING
DATA FOR VOYAGER, ULYSSES, AND GAULEO (AS
AVAILABLE)
• TYPES OF QUERIES:
- PROVIDE DATA 1 "FROM NOW ON"
- PROVIDE DATA 1 "FROM TIME 'A' ON"
- PROVIDE DATA 1 IN RANGE FROM TIME 'A' TO TIME 'B'
- PROVIDE CHANNEL 'X' DATA FROM TIME 'A' TO TIME 'B'
PERSONAL COMPUTER EXAMPLE:
• DEMONSTRATION OF INTERFACE TO A MAC
- LOW COST PC's OR MAC's CAN BE AND HAVE BEEN USED TO
PROCESS AND DISPLAY INSTRUMENT DATA
Data tylXS dd_ed by Project
low ced ladee _leaa Wedud_ep FEE - t7
Jill PERFORMANCE
• GROUND PROCESSING OF SPACECRAFT TELEMETRY DATA
DATA RATE TYPES OF PROCESSING
10 bps to 224 Reid-TIme
Kbps (Spacecraft to On-Une Storage)
Multiple data streams
Up to., 500 Kbps or
Direct connection
:..500 Kbps ° Data System Adaptation Required
• DATA SYSTEMS OPERATIONS SUPPORT UP TO 24-HOURS PER
DAY, 7-DAYS PER WEEK (AS NEGOTIATED WITH PROJECT)
• LOW LATENCY FOR DATA ACCESS - DATA AVAILABLE IN "REAL-
TIME" AFTER RECEIPT AT JPL (TYPICALLY THE TIME REQUIRED
TO FRAME SYNC THREE FRAMES)
• TIME-ORDERED, COMPLETE DATA SET
° OSN to 900 Kblm
REE- 18
JPl. HOW TO REDUCE COST
. ADAPT EXISTING SYSTEM VS DEVELOP A NEW SYSTEM
• USE STANDARDS (e.g., CCSDS:) FOR LOWEST COST
ADAPTATION
- ADAPTA11ON BY TABLE UPDATES
- 90% OR MORE OF PROJECT REQUIREMENTS ARE MET BY
EXISTING SYSTEM (MARGINAL COST FOR ADDING A MISSION
IS SMALl.., e.g., DEVELOPMENT FOR MARS PATHFINDER
PROJECT LESS THAN SO.SM)
• REDUCE OPERATIONS AND MAINTENANCE COSTS
THROUGH SHARING WITH OTHER MISSIONS (BASELINE
SUPPORT NOT CHARGED TO PROJECTS)
• DERNE AND ENFORCE SYSTEM AND DATA SECURITY
RULES
1CCSDS: Consultative Committee for Space Data System
R£E- 19
JPL HOW TO REDUCE COST (continued)
• FOLLOW STANDARDS (ONE PATH THROUGH THE STANDARDS):
- FOLLOW CCSDS TRANSFER FRAME FORMATS
- USE THE CCSDS UNSEGMENTED SPACECRAFT CLOCK
- USE ONE TRANSFER FRAME FORMAT
- USE VARIABLE LENGTH PACKETS THAT FOLLOW THE CCSDS
STANDARD
- HAVE EACH PACKET TIME-TAGGED WITH THE SPACECRAFT CLOCK
AT THE BEGINNING OF THE PACKET
- DEFINE ALL THE PACKET IDENTIFIERS EARLY
- USE THE IEEE STANDARDS FOR FLOATING POINT VALUES INSIDE
THE PACKETS
- USE CCSDS STANDARD AUGNMENT AND PACKING RULES (NON-
VAX, IBM) STRUCTURE
(IF CCSDS STANDARDS ARE FOLLOWEDAND SPACECRAFT INFORMATION IS
AVAILABLE, A BASIC GROUND DATA SYSTEM CAN BE OPERATING IN LESS
THAN THREE MONTHS)
• THE MORE INFORMATION ABOUTTHE DATA AND THE EARLIER
IT IS DEFINED, THE BEI"rER AND CHEAPER THE SYSTEM!
I._wC.M/_ Opi_.,u WwI.d,sl. REE-_
JPL HOW TO REDUCE COST (continued)
• MINIMIZE CHANGES IN REQUIREMENTS OR DESIGN
• USE DATA RATES WITHIN DSN CAPABIUTIES
• OPTIMIZE ON-UNE STORAGE REQUIREMENTS
- TRADEOFF BETWEEN HARDWARE AND OPERATIONS
COMPLEXITY
• INVOLVE GROUND SYSTEM EARLY IN FUGHT SYSTEM
DESIGN AND DEVELOPMENT (e.g., TEST TELEMETRY AND
COMMAND SYSTEM)
• PROVIDE CLOSE SUPPORT TO GROUND SYSTEM TESTERS
(e.g., COMBINED TEST TEAM); PARTICIPATE IN GDS
TESTING EARLY
1,,v¢.., Is,,._. e_a-.u.u w.._._,_ REE -21
JPL
TEST TELEMETRY AND COMMAND SYSTEM
(TrACS)
i
PROVIDES INTEGRATED GROUND DATA SYSTEM
PROCESSING SUPPORT
- SPACECRAFT (OR SYSTEM TESTBED) INTERFACE
- DATA CAPTURE AND STAGING
- DATA DISTRIBUTIONAND DISPLAY
SUPPORT FOR SIMULTANEOUS FUGHT AND GROUND
SOFTWARE DEVELOPMENT
SPACECRAFT ASSEMBLY, TEST, LAUNCH OPERATIONS
(ATLO) TEST SUPPORT
SPACECRAFT FUGHT SYSTEM TESTBED SUPPORT (POST-
LAUNCH)
Stow¢e,/mu/,m op_ase_, w.e_k.q,
REE-22
JPL
MARS PATHFINDER DATA FLOW
DEMONSTRATION
INITIATE MARS PATHRNDER GROUND DATA SYSTEM
SOFTWARE
- INTERFACE WITH SPACECRAFT SOFTWARE
- INITIAUZE TELEMETRY PROCESSING
- USER DISPLAYS
SIMULATION OF SOL 1 ENTRY, DESCENT, AND LANDING
(RRST DAY ON MARS)
- RECEIPT OF ENGINEERING DATA FOR ENTRY, DESCENT, AND
LANDING
- RECEIPT OF PANORAMA DATA
- RECEIPT OF ROVER DATA
DEMONSTRATION OF CHANNEL DEFINITION
DEMONSTRATION OF EXCEL USE FOR MARS PATHRNDER
DATA
bmCeaeMissionOperraft.eraWerkJep FEE -
JPL CONCLUSION
GROUND DATA SYSTEM ELEMENTS ARE FULLY
INTEGRATED (INCLUDINGCOMMAND [UPUNK], DEEP
SPACE NETWORK, AND PLANETARY DATA SYSTEM)
SYSTEM IS PROVEN FOR MISSIONS OF ALL SIZES
- SMALL MISSIONS (e.g., VOYAGER INTERSTELLAR MISSION,
MAGELLAN GRAVITY MAPPING, MARS PATHFINDER)
- MODERATE MISSIONS (e.g., MARS OBSERVER)
- LARGE MISSIONS (e.g., GALILEO, CASSINI)
LovCo,meUtsdomOpa'deu W_
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JPL
Low Cost Mission Operations Workshop
MISSION COORDINATION
and
ENGINEERING ANALYSIS
Michael H. Hill
Functional Area Manager: Spacecraft Analysis
Multimission Operations Systems Office
ll,ew _ tubules OperalS_ Wu.kak_ MHH-1
JPL MISSION COORDINATION ANDENGINEERING ANALYSIS
JPL
MISSION COORDINATION
AND ENGINEERING ANALYSIS
. MISSION COORDINATION
• NAVIGATING THE SOLAR SYSTEM
• UNDERSTANDING THE SPACECRAFT
_ _ ilb_i_ Ilpm'alim W,m"lludh,elp
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JPL MISSION COORDINATION FUNCTIONS
los._AcK,.QI ICONFIGURATIONVERIFICATION MISSION
CONTROL
TEAM
COMMAND/NG
TELEMETRY FLOW
DSN to USER PATH
CONFIGURATION
REROUTING
PERFORMANCE
MONITORING
i
kegH.4
JPl. SPACECRAFT COMMANDING
MNEMONICS
I SEQUENCE I
FILES I BITS COMMAND
' I _--'-_'SYSTEM 1 LINK
I SPACECRAFT I CONFIGURATIONI_,,o_l I.o_ I_,_
NO PACKAGING
l J MISSION
CONTROL
TEAM
COMMAND
RAD/A T/ON
COMMAND
VERIRCA TION
• RECEIPT
• EXECUTION
lawC_t iaM.e e1_d.u We[lak.p
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JPL SPACECRAFT PLANNING AND ANALYSIS
i i
- MISSION COORDINATION
NAVIGATING THE SOLAR SYSTEM
• UNDERSTANDING THE SPACECRAFT
i,.,v¢..,, um.i.. _.n... w,_,.k.p
M_i-$
JPL NAVIGATING THE SOLAR SYSTEM
i
• EPHEMERIDES OF CELESTIAL BODIES
• GRAVITY MODEUNG
• NAVIGATION PLANNING
• ORBIT DETERMINATION
- OPTICAL NAVIGATION
- RADIOMETRIC
• MANEUVER AND TRAJECTORY ANALYSIS
• NAVIGATION ANCILLARY INFORMATION FAClUTY (NAIF)
- SPICE INFORMATION SYSTEM
_ _ mbdemOpf-,a_ Wa"]unkelp
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JPL EPHEMERIS DEVELOPMENT AT JPL
PLANETARY NATURAL
SATELLITE
EPHEMERIDES
JDATA GOES TO NAIF illFOR ARCHIVING AND IIDISTRIBUTION II
COMET AND
ASTEROID
EPHEMERIDES
ESSENTIAL TO FLIGHT PROJECTS
WORLDWIDE CUSTOMERS
NASA, ESA, IKI, ISAS
APL BMDO
USNO
MAJOR OBSERVATORIES
MHH-S
JPL CONTINUOUS EPHEMERIS IMPROVEMENTS
OBSERVERS
. MILLISECOND PULSAR DATA
• LUNAR LASER RANGJNG DATA
• VERY LONG BASEUNE
INTERFEROMETER (VI.BI) DATA
• OPTICAL & RADAR OBSERVATIONS
• SPACECRAFT ASTROMETRIC DATA
• OCCULTAIlON AND ECLIPSE DATA
EPHEMERIS DEVELOPMENT
,-i
• REDUCE ASTROM_RiG DATA n
• VAUDATE DATA I• iMPROVE DYNAMIC MOOELS•rePROVE_ COmTAmS,AND STATION COORDINATES• UPDATE _
• UPDATE EPHFJEND£S
EPHEMER_rPRODUCTS
low _ m-_,m Op,_adll,u,J Wm"kak, q)
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JPl. GRAVITY MODELING
100 MILLIGALS = 1 mm/sec 2
GRAVITY CENTRAL
BODY : 820,000 mllligals
OR BU
OF UNKNOWN DENSITY
I,w C*ll i*doa Iblm, dew W_ 111414-10
JPL NAVIGATION PLANNING
PERFORM NAVIGATION ANALYSIS OF MISSION OPTIONS
AS REQUIRED
ASSESS NAVIGATION CAPABILITY IN TERMS OF
DELIVERY, KNOWLEDGE ACCURACIES AND PROPELLANT
USAGE
SUPPORT THE UPUNK DESIGN FOR NAVIGATION ISSUES
PLAN RADIOMETRIC TRACKING AND OPTICAL
NAVIGATION SCHEDULES
In Cut Illladm ¢_m.duJ wm.]rudu_
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JPL ORBIT DETERMINATION (OD)
• COMBINATION OF ENGINEERING DISCIPUNES
- ORBITAL MECHANICS
- SPACECRAFT DYNAMICS
- TRACKING SYSTEM CHARACTERISTICS
- STATISTICAL ESllMATION AND RLTERING THEORY
• SPACECRAFT TRAJECTORY IS NUMERICALLY INTEGRATED TO A
PRECISION CONSISTENT WITH PROJECT REQUIREMENTS
- CONSIDERS NON-GRAVITATIONAL ACCELERATIONS
• ATTITUDE STABILIZATIONS THRUSTER FIRINGS
• SOLAR RADIATION
• ATMOSPHERIC DRAG - ETC.
• RADIOMETRIC OBSERVABLES COMPUTED BASED ON GEOMETRY
AND DYNAMICS BETWEEN TRACKING STATIONS AND THE
INTEGRATED SPACECRAFT TRAJECTORY
- ACCOUNTS FOR EARTH ORIENTA_ AND TRACKING STATION
MOTIONS (PRECESSION, NUTATION, ROTATION, TIDES, PLATE MOTION)
- DETAILED MODELING OFTHE RADIOMETRIC OBSERVABLE
L.v C../mjd.e Openaew Weel.a, ep M8_4 - 12
JPL ORBIT DETERMINATION (continued)
• RADIOMETRIC AND OPTICAL NAVIGATION DATA IS CONDmONED
TO REMOVE "BAD DATA" AND PREPARE THE DATA FOR THE OD
PROCESS
• ESTIMATION AND FILTERING PROCESSES HAVE BEEN
DEVELOPED TO HANDLE THE SPECIFIC ACCURACY
REQUIREMENTS FOR OD
ODSOFTWARE
• ORBIT DETERMINATION IS A coMPUTER-INTENSIVE ACTIVITY
- SERIES OF PROGRAMS TO PERFORM THE ABOVE ACTIVITIES
- JPL SYSTEM HAS 1,000,000 UNF.S OF OOOE
• HERITAGE BACKTO THE EARLY lg70's
- EXECUTED ON UNIX WORKSTATIONS
• TYPICALLY MINOR MODIFICATIONS FOR ADAPTATION TO A NEW
MISSION
- MOOULAR,WELL-DOCUMENTED COOE
- STANDARD INTERFACES
h,w clm.,/.= .pw.u.u w.d.m,q,
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.JPL OPTICAL NAVIGATION
PREDICTED
TARGET
LOCATION
(BASED ON
EPHEMERIS DATA)
ANCILLARY DATA
TO NAIF FOR
DISTRIBUTION
OBSERVED
TARGET
LOCATION
STAR AT
INFINITY
\
OPTICAL NAVIGATION FRAME
OF TARGET AND KNOWN STAR
MHH- 14
JPL MANEUVER AND TRAJECTORY ANALYSIS
i
• DESIGN AND ANALYSIS
• MANEUVER IMPLEMENTATION
• REAL-TIME MONITORING
• MANEUVER RECONSTRUCTION
• TRAJECTORY-RELATED PRODUCTS
- USED BY BOTH ENGINEERING AND SCIENCE IN MISSION
OPERATIONS
IL_C_atILmlmel_dle_ W_
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JPL SPICE INFORMATION SYSTEM
i
ANCILLARY DATA
- LOCATION, ORIENTATION, SIZE, AND SHAPE OF TARGET
BODIES
- LOCATION AND ORIENTATION OF THE SPACECRAFT AND ITS
SCIENCE INSTRUMENTS
- LOG OF INSTRUMENT AND SPACECRAFT COMMANDS, ANDGROUNOOATASYSTE.ACTIVmES
IusERs I
- VOYAGER, MAGELLAN, GAULEO, CLEMENTINE, HUBBLE
SPACE TELl=SCOPE,MARS 94, RADIOASTRON, CASSINI, MARS
PATHFINDER
SPICE ANCILLARY INFORMATION SYSTEM IS USED FOR
- EVALUATIONOF MISSION DESIGN FROM A SCIENCE
PERSPECTIVE
- OBSERVATION PLANNING FOR ONBOARD INSTRUMENTS
- INTERPRETATION OF SCIENTIFIC OBSERVATIONS
CoatUluios01m'dma,We_'lu,JlN_p MHH - t6
JPL SPICE INFORMATION SYSTEM (continued)
I ADVANTAGES OF USING THE SPICE SYSTEM II
• MATURE, PROVEN APPROACH THAT REQUIRES MINOR
MISSION-SPECIFIC ADAPTATIONS
• THE P.L's STAFF MAY ALREADY BE FAMILIAR WITH SPICE
FROM PREVIOUS WORK
• EASE OF ARCHIVING, SINCE SPICE IS NASA'S STANDARD
FOR ARCHIVING ANCILLARY DATA FROM PLANETARY
MISSIONS IN THE PLANETARY DATA SYSTEM (PDS)
• COMES WITH A NAVIGATION ANCILLARY INFORMATION
FACILITY (NAIF) TOOLKIT FOR ACCESSING AND
MANIPULATING THE SPICE DATA
• FACILITATES CORRELATION OF DATA ACROSS MULTIPLE
MISSIONS AND INSTRUMENTS
• COMES WITH GOOD DOCUMENTATION
- WRITTEN FOR THE OUTSIDE USER
ira, Ce_ Ill.lee elm._ Woduk_ u_,o. t_,
JPL NAVIGATION ADAPTABILITY
I ORBITDETERMINATION
TRAJECTORY
ANALYSIS
JMANEUVER
ANALYSE I
NO ADAPTATION REQUIRED
ADHERE TO INTERFACE SPECIFICATIONS FOR THE
EPHEMERIDES FILES
DEVELOPMENT REQUIRED FOR NEW DATA TYPES
NO ADAPTATION REQUIRED FOR STANDARD SET OF
OO PARAMETERS
ADAPTATION REQUIRED TO ACCOMMODATE NON-
GRAVITATIONAL MODELS DEPENDING ON THE
SPACECRAFT CHARACTERISTICS
ADAPTATION REQUIRED TO MOOEL THRUSTER
CONFIGURATIONS AND CHARACTERISTICS AND
MISSION CONSTRAINTS ON MANEUVER
IMPLEMENT_T_I N
MINIMUM ADAPTATION REQUIRED TO INTERFACE THE
TELEMETRY DATA AND MISSION SEQUENCING
PRODUCTS USING NAIF TOOL KIT
MHH• 18
JPl. NAVIGATION LOW COST MISSION OPERATIONSCONSIDERATIONS
MISSION
DESCRIPTION
MINIMIZE THE AMOUNT
OF ACTIvrrY
ACCURACY
REQUIREMENTS
MINIMIZE THE
DEUVERY ACCURACY
TO THE TARGET BODY
SPACECRAFT
DESIGN
MINIMIZE THE
EFFECTS OF NON-
GRAVrI'ATiONAL
FORCES
NUMBER OF OBSERVATIONS AND TIME BETWEEN
OBSERVATIONS
NUMBER OF OBSERVATIONS WITH DIFFERENT
iNSTRUMENTS
REDUCES THE NUMBER OF TRAJECTORY CORRECTION
MANEUVERS REQUIRED
REDUCES THE AMOUNT OF ORBIT DETERMINATION
REQUIRED
REDUCES THE AMOUNT OF TRACKING DATA REQUIRED
WHICH AFFECTS THE DSN SCHEDUUNG
USE REACTION WHEELS INSTEAD OF THRUSTERS
USE THRUSTERS IN BALANCED PAIRS
MINIMIZE THE PROJECTED AREA IMBALANCE TO
REDUCE SOLAR PRESSURE TOROUES AND
ACCELERATIONS
i,ov qDeauaIIk_d_ OlU_dSo_ Ww'lulh_qp
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JPL SPACECRAFT PLANNING AND ANALYSIS
MISSION COORDINATION
NAVIGATING THE SOLAR SYSTEM
UNDERSTANDING THE SPACECRAFT
I,a,vCoa,I IIIbd_ Opm'aa,an_Wu']Ulml_
MHH-_
,JPL UNDERSTANDING THE SPACECRAFT
• REAL-TIME MONITORING OF SPACECRAFT HEALTH
• SPACECRAFT HEALTH ASSESSMENT- TREND ANALYSIS
• SPACECRAFT RESOURCE MANAGEMENT
• MANEUVER DESIGN AND RECONSTRUCTION
• INSTRUMENT POINTING AND ENGINEERING CAUBRATIONS
• FUGHT SOFTWARE MAINTENANCE
• MULTIMISSION SPACECRAFT ANALYSIS SYSTEM
- A LOOK TO THE FUTURE
MItH- 21
j_:l L REAL-TIME MONITORING OF SPACECRAFT HEALTH
• VERIFY EXECUTION OF ONBOARD SEQUENCES AND REAL-
TIME COMMANDS
• MONITOR SPACECRAFT TELEMETRY FOR ALARM
VIOLATIONS
• MONITOR COMPONENT TRENDS IN REAL TIME
• MONITOR TELEMETRY LINK MARGINS
I MISSION CONTROL ANALYSIS SYSTEM
I I
I ADAPTABLE VIA II | ENGINEERING
_m_mmmJ I SU.,STEUS
I,m ¢_ madu en_de_ Wad_l._
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JPL SPACECRAFT HEALTH AND STATUSTREND ANALYSIS
• SCIENCE INSTRUMENT • SPACECRAFT STATE TRACKING
- POWER - PREDICTED vs ACTUALS
- THERMAL PROFILES • AI"I1TUDE CONTROL
- MODE AND CONRGURATION - CELESTIAL SENSOR
CHANGES INTENSmES
• PROPULSION - GYRO DRIFTS
- THRUST LEVEL - MOMENTUM WHEEL LOADING
AND UNLOADING
• TELECOM
• POWER
- PREDICTED VS ACTUAL UNK
MARGINS - RTGs
- BATTERIES
I TREND ANALYSIS TOOLS j
• SELECTION AND EDITING OF TIM _ LOCAL ARCHIVlNG n
DATA REPORT GENERATION |
• PROCESSED DATA DEFINITION • SCRIPTING TOOL |
• PLOI"rlNG - AUTOMATED ANALYSIS |
• STATISTICAL ANALYSIS PROCESSES
_mm_m Im_C_ Ilbd_d,._W_ud_
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JPL SPACECRAFT RESOURCE TRACKING ANDMANAGEMENT
• SCIENCE INSTRUMENTS
- MODE CHANGE CYCLES
- FILTER WHEEL USAGE
• FUEL CONSUMPTION
• BATTERY DEPTH OF DISCHARGE CYCLES
• RTG AND SOLAR CELL POWER DEGRADATION
• UFE TIME UMITS ON
- HARDWARE ON - OFF CYCLES
- ACTUATOR TOTAL ANGLE OF TRAVEL
- TAPE RECORDER TRACK USAGE
• MOMENTUM WHEEL SATURATION UNLOADING CYCLES
_m Imf Ced Ilbd_ _dg.w Wedu_p
JPL IMPLEMENTING THE MANEUVER
m
PL ),Nt ING
SE( UEI _ING
lOlL f
ACHIEVABLE
UNWIND
TURN
""-- "_ BURN
l_wC*,I m.d*s *p_a.s. W.,q_qp
JPL RECONSTRUCTING THE MANEUVER
SPACECRAFT ATTITUDE
AND THRUSTER
PERFORMANCE DATA A TTrTUDE EST/MA TE$
RERRORS
PROPERTIES L_
NAVIGATION I,USALIGNMENTS
DELTA- V
MAGNITUDE AND DIRECTION
ESTIMATES
FUTURE
MANEUVER
DESIGNS
IIHH • ;S
JPL ENGINEERING CALIBRATIONS
INERTIAL REFERENCE
UNITS (GYROS)
ACCELEROM ETERS
CELESTIAL SENSORS
- SUN SENSORS
- STAR TRACKERS
- HORIZON SENSORS
HIGH GAIN ANTENNA
POINTING
PLATFORM POINTING
- FIXED
- ARTICULATING
mAS
SCALE FACTORS
DRIFT
ELECTRO-
MECHANICAL
OFFSETS
MBAUGNMENTS
FUTURE
S_ENCE
SEQUENCES
tn Ceet J_du Oper.ftees Ww'_ubep
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JPL INSTRUMENT POINTING CALIBRATIONIMAGING
PREDICTED ACTUAL
ERROR MOOEL
ESTIMATOR
ACTUATORS AND
SENSORS
ELECTRO-MECHANICAL
BIASES AND OFFSETS
FUTURE
SCIENC_
QUENCES
L,,w c.d m.,/_ q,..bu w_
MHH - 2_
JPL INSTRUMENT POINTING CALIBRATIONNON-IMAGING
TOPEX
__ ERROR MODELj ojACTUATORS / SENSORSAND INSTRUMENTELECTRO-MECHANICAL
BIASES AND OFFSETS
JPL FLIGHT SOFTWARE MAINTENANCE PARAMETERUPDATES
CHANGES [_
UPDATES
Lw c.d m.,_. I_.,.b.. w..t._
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Jill MULTI-MISSION SPACECRAFT ANALYSISA LOOK TO THE FUTURE
il i[ /
• SYSTEM PERFORMANCE • CALIBRATION
_.APPROVAL HI . SPACECRAFTS ATE | |-MANEUVERDESIGN p O O
I-ENGACTREQUES'rHI TRA(::XI_ i I _ RECO.S'rRuc'rx). i
I" SUBSYSTEM I1" SUBSYSTEM i I" MODEL MAINTENANCE II
I PR_ II PERFORMANCE ANALYSIS I I .ON'uNEREFERENCE /
II [SUBSYSTRENDANALYSIS | I .TEAM ADMINISTRATIGN |
I WORKSTATION LAYER i
i MULTIMISSION GROUND DATA SYSTEM I
_ Cut _ I_'am Wm'l_ MHH.-,1
jI:IL, TOOLS AND ADAPTABILITY
REAL-TIME
MONITORING AND
TRENDING
MANEUVER
IMPLEMENTATION &
RECONSTRUCTION
SPACECRAFT
SENSOR
CAUBRATION
SCIENCE INSTRUMENT
POINTING
CAUBRATION
ADAPTATION IS ACCOMPLISHED BY THE USE OF
SCRIPTS TO CUSTOMIZE THE DATA DISPLAYS AND
TO AUTOMATE THE TRENDING VIA BATCH RUNS
MANEUVER IMPLEMENTATION DESIGN AND
PROCESSES ARE IN PLACE. CUSTOMIZATION OF
THE SPACECRAFT MODELS DEPENDING ON THE
HARDWARE COMPLEMENT AND PERFORMANCE
CHARACTERISTICS
GENERIC DESIGN IN PLACE - SPECIFIC MODEL
DEVELOPMENT REQUIRED FOR THE SPACECRAFT
HARDWARE SET
GENERIC DESIGN IN PLACE - SPECIFIC MODEL
DEVELOPMENT REOUIRED FOR THE SPACECRAFT
HARDWARE SET
FUTURE ADAPTATIONS CAN BE ACCOMPUSHED'BY THE
ADDITION OF MISSION SPECIFIC.MODELS WITHIN THE
ANALYSIS ARCHITECTURE
JPL LOW COST MISSION OPERATIONSENGINEERING ANALYSIS
[ REAL-TIME ]_
I Mo.rroR,NG AND I
MANEUVER
IMPLEMENTATION &
RECONSTRUCTION
• FLY WITH LARGE MARGINS
• MONITOR A LIMITED SET OF SYSTEM TRENDS AND
CONTROL THE SPACECRAFT AS A SYSTEM
• MONITOR FOR ALARM VIOLATIONS ONLY
• RELAX PERFORMANCE REQUIREMENTS TO
MINIMIZE THE AMOUNT OF RECONSTRUCTION
REQUIRED
• MOVE THE FUNCTIONS TO THE SPACECRAFT
SPACECRAFT
SENSOR
CAUBRATION
SCIENCE INSTRUMENT
POINTING
CAUBRATION
• RELAXED PERFORMANCE REQUIREMENTS REDUCES OR
EUMINATES THE NEED FOR CAUBRATIONS
• MOVE SOME CAUBRATION FUNCTIONS TO THE
SPACECRAFT
• RELAXED PERFORMANCE REQUIREMENTS REDUCES
OR EUMINATES THE NEED FOR CAUBRATIONS
1or cu/mJdee Operdee. Wwk6ep
JPL DEMONSTRATIONS
NAVIGATION I
• OPTICAL NAVIGATION
• REAL-TIME RADIOMETRIC MONITORING
• XMIRAGE : ORBIT DETERMINATION
SPACECRAFT ANALYSIS
• MISSION CONTROL ANALYSIS
• FUGHT SOFTWARE MEMORY STATE TRACKER
• MARVEL: AUTOMATED TELEMETRY MONITORING SYSTEM
• VULCAN: SOLAR FLARE MODEUNG AND VISUALIZATION
_w C.d m.d.. q,w.mw W.,_,_
JPL SUMMARY
MISSION COORDINATION IS HANDLED BY AN
INSTITUTIONAL MISSION CONTROL TEAM
- CONRGURATION AND CONTROL OF THE GROUND DATA UNKS
TO AND FROM THE DSN
- COMMANDING - PACKAGING & PROTOCOLS
- REAL-TIME MONITORING
• NAVIGATION
- RECOGNIZED SOURCE OF DATA FOR PLANETARY,
SPACECRAFT, ASTEROID, AND COMET EPHEMERIDES
- ORBIT DETERMINATION TOOLS
• OPTICAL NAVIGATION AND RADIOMETRIC TRACKING
• SPACECRAFT HEALTH AND MONITORING
- CORE SET OF TOOLS FOR REAL-TIME MONITORING AND
TRENDING
- MISSION-SPECIRC TOOLS DEPEND ON SPACECRAFT
HARDWARE CONFIGURATION AND DEVICES
• HARDWARE CAUBRATION
• INSTRUMENT POINTING CAUBRATION
• ATTITUDE RECONSTRUCTION
1,4,vCA.ntNIk,damOim'aalm_Wu'l_dN_p MHH -
JPL
Low Cost Mission Operations Workshop
SUMMARY
Gael F. Squibb
Manager: Flight Projects Mission Operations
Development Program Office
I.,vc.,,, mJdu q,er.JS.,,.Wed,dtep GF'3-1
JPL SUMMARY
OUTLINE
ADDITIONAL SERVICES
LOW COST CONSIDERATIONS
MARS PATHRNDER DEVELOPMENT COSTS
TECHNOLOGY
A LOOK TO THE FUTURE
k. c.., mid.,. 0pu..aou W_ GFS-2
JPL ADDITIONAL SERVICES
• RESOURCE ALLOCATION PROCESS (RAP)
• TRAINING AND READINESS
• LAUNCH OPERATIONS SUPPORT
• END-TO-END INFORMATION SYSTEM (EELS)
ENGINEERING
_m Imf Ced IIbNIbm etm, dlm Wmk_ke_ GF'3- 3
JPL
RESOURCE ALLOCATION PLANNING PROCESS
FOR THE DEEP SPACE NETWORK
NASA HEADQUARTERS
MISSION H RESOURCE
REQUIREMENTS ALLOCATION
REQUEST (MRR) PLANNING (RAP)
PR CESS
LEVIES ANALYZES
REQUIREMENTS ON REQUIREMENTS
osN (unn)
iNCLUDES TRAC3ONG MAKES PRELIMINARY
SYSTEM ALLOCATION
C_NACTERIS'I'ICS, ASSISTS USERS AND
TRACK)NO DSN IN NEGOTIAllNG
REQUIREMENTS, CONFUCT-FREE
Pt.ANS
DEEP SPACE i
NETWORK (DSN) i
SCHEDULES AND
PFIOV10 ES TRACKING
SUPPORT AS
PLANNED
EgSEN'I1AL TO UNDERSTAND 1TIE PROCESS
THE SYSTEM IS ALMOST ALWAYS OVERSUBSCRIBED
USERS MUST PLAN AHEAD
CONFLICTS CAN BE RESOLVED WHEN IDENTIFIED EARLY
FLEXImUI_ IS VITAL
GFS-4
JPL ADDITIONAL SERVICES
i
% of Requested Time Unsupportable
|
JPL ADDITIONAL SERVICES
i ....
,u
4O 43 46 49 52 3 _ I_ _2 15 Ig 21 24 27 3O 33 3_ 39 12 _ 4_ Sl
_ Nu_r
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JPL ADDITIONAL SERVICES
MISSION OPERATIONS SYSTEM
TRAINING & READINESS
GROUND DATA SYSTEM FAMlUARIZATION
- WORKBOOKS
- LECTURES
WORKSTATION APPUCATION TRAINING
- BASICWORKSTATION
- POWER USER TOOLS
MISSION OPERATIONS POSITIONAL TRAINING AND
CERTIFICATION
PROJECT SCENARIO TRAINING EXERCISES
- FAULT RECOVERY EXERCISES
EN[_USER WORKSTATION SYSTEM CONFIGURATION AND USER
CONSULTING
law ¢4,at Mumlo_ Op_d..u, W,.eka,baq,
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JPL ADDITIONAL SERVICES
LAUNCH OPERATIONSSUPPORT
JPL RESIDENT OFFICE AT CAPE CANAVERAL PROVIDES:
- SAFETY TRAINING, BADGING, AND SECURITY ASSISTANCE
- RECEIVING AND HANDLING OF SPACECRAFT AND SCIENCE
INSTRUMENTS
- HELP IN SCHEDUUNG USE OF EASTERN LAUNCH SITE
FACIUTIES
- HELP IN PUBUCATION OF REQUIRED DOCUMENTATION
- TECHNICAL SUPPORT FOR LAUNCH PREPARATION PROCESS
- INTERFACE TO KENNEDY SPACE CENTER (KSC)
JPL PROVIDES TECHNICAL SUPPORT TO LAUNCH
CAMPAIGN
- SPACECRAFT SYSTEM TEST OPERATIONS
- SPACECRAFT LAUNCH ANOMALY TEAM
- GROUND DATA SYSTEM OPERATIONS
- INTERFACE TO JPL OPERATIONS CENTER
L.wC.., UUaa_On,..b_ w..i.u-p GF'S - 8
JPL ADDITIONAL SERVICES
END-TO-END INFORMATION SYSTEM ENGINEERING
JPL HAS EXPERIENCED ENGINEERS TO ASSIST PROJECTS
AND P.I.'s IN DESIGNING A COST-EFFECTIVE END-TO-END
INFORMATION SYSTEM, WHICH INCLUDES GROUND AND
FUGHT COMPONENTS OF THE INFORMATION SYSTEM
low Cod IB_tee Opet_lm W_ GFS - 0
JPt. SERVICES
• PROJECT DESIGN CENTER (PDC)
• FLIGHT SYSTEM TESTBED (FST)
Lev Ce_ Ilhdee OIm.ie.u, W_ GFS. 10
JPL SUMMARY OUTLINE
• SERVICES
LOW COST CONSIDERATIONS
• MARS PATHRNDER DEVELOPMENT COSTS
• TECHNOLOGY
• A LOOK TO THE FUTURE
LowCo,,/]ibd/ee OpendSeea WNkakep ,_';S - 11
JPL LOW COST CONSIDERATIONS
FACTORS
- COMPLEXITY OFTHE MISSION
- OPERABILITY OF THE SPACECRAFT AND INSTRUMENTS
- DESIGN OF THE MISSION OPERATIONSSYSTEM
- MANAGEMENT RISK POLICIES
GROUND APPROACHES FOR A GIVEN FUGHT SYSTEM
- PERFORM FUNCTIONS MORE EFFICIENTLY
- EUMINATE FUNCTIONS AND CAPABlUTIES
- USE LOWER COST STAFF
- ASSUME GREATER RISK
L,mCe.emJ./u op.tvs,m w.r],.aJq, C_':S -12
JPL LOW COST CONSIDERATIONS
MISSION PLANNING AND ANALYSIS
ENSURE THAT SPACECRAFT AND INSTRUMENTS HAVE
POSITIVE MARGINS SO THAT SEQUENCES DO NOT HAVE
TO BE VAUDATED FROM AN ENGINEERING POINT OF VIEW
EXAMINE SPACECRAFT AUTONOMY VS GROUND
SEQUENCING OF APPROPRIATE FUNCTIONS
DESIGN THE MISSION AND SPACECRAFT TO MINIMIZE THE
NUMBER OF MISSION AND FUGHT RULES TO CHECK
MAXIMIZE OPERABIUTY AND ENSURE MINIMUM AMOUNT
OF INTERACTION BETWEEN SUBSYSTEMS
ILmf ¢*d ibJd_ OIIm'd*aut Wq_-]udo,,qD
SYSTEM OVERVIEW
U/L
DATA
TRANSPORT
DEUV_Y
D/L
GFS - 14
JPL LOW COST CONSIDERATIONS
SEQUENCE DEVELOPMENT
REDUCE THE NUMBER OFSEQUENCESTHAT MUST BE
PRODUCED
ELECTRONIC REnEW OF SEQUENCE
SET APPROVAL LEVEL AT LOWEST POSSIBLE LEVEL:
WHAT IS THE VALUE ADDED BY THIS APPROVAL LEVEL?
MINIMIZE SEQUENCE CHANGES DURING THE SEQUENCE
DEVELOPMENT PERIOD
USE AN INTEGRATED SET OF SEQUENCING TOOLS
RATHER THAN MANY INDIVIDUAL TOOLS
! _mmJm I_¢ulBIMieaeim_llmWedUlMm GFS- 15
JPL LOW COST CONSIDERATIONS
SEQUENCE DEVELOPMENT (Continued)
• USE CONTINUOUS RUNNING SEQUENCE WITH TIME GAPS
FOR SEQUENCE OVERLAYS
• DEVELOP SEQUENCE DEVELOPMENT STRATEGY THAT
EMMINATES CONFMCTS
• BLOCK TIMES FOR COMPATIBLE REQUESTS
• ADOPT A PRIORITY SCHEME THAT ALLOWS AUTOMATIC
RESOLUTION OF CONFUCTS
• USE REUSABLE BLOCKS
• PERFORM SEQUENCE VALIDATION OF FUNCTION WITH
ACCEPTABLE DATA-RETURN RISK
JPL LOW COST CONSIDERATIONS
MISSION CONTROL
SHARING OPERATORS BETWEEN MISSIONS
MULTI-TASK OPERATORS WITH RELATED TASKS
HAVE GROUND AND FLIGHT SYSTEMS THAT
ACCOMMODATE CHANGE
USE GRAPHICAL USER INTERFACES THAT REDUCE THE
REQUIREMENTS ON THE MISSION CONTROLLERS FOR
DETAILED GROUND OR FUGHT KNOWLEDGE
AUTOMATED ANALYSIS OF GROUND AND FUGHT
INFORMATION WHICH IDENTIFIES OR ANTICIPATES
PROBLEM AREAS
JPL LOW COST CONSIDERATIONS
DATA TRANSPORT AND DELIVERY
MINIMIZE AMOUNT OF DSN COVERAGE REQUIRED
DESIGN THE SPACECRAFT AND INSTRUMENT DATA
CONTENT, STRUCTURES, AND FORMATS TO MATCH THE
CAPABILITIES OF THE EXISTING TRANSPORT AND
DELIVERY SYSTEMS
- USE SPECIFIC STANDARDS TO ENSURE COMPATIBIUTY OF
SPACECRAFT DATA SYSTEM AND GROUND DATA SYSTEM
USE VARIABLE LENGTH PACKETS, AS OPPOSED TO MANY
SPECIRC FORMATS
G4_ -18
JPL LOW COST CONSIDERATIONS
NAVIGATION
UNDERSTAND ACCURACY REQUIREMENTS VS
NAVIGATION COST
MINIMIZE DEMANDS OF MANEUVER FREQUENCY
- THREE MANEUVERS IN FIVE DAYS FOR EACH ORBIT WILL BE
COSTLY
UNDERSTAND DSN SERVICES (FREE) VS PROJECT-
SPECIFIC FUNCTIONS AND ATTEMPT TO MINIMIZE
PROJECT-SPECIFIC REQUIREMENTS
TRADE OFF ONBOARD NAVIGATION FUNCTIONS VS
GROUND-BASED FUNCTIONS ACCOMMODATED BY
SEQUENCE DEVELOPMENT
Ln Ced libdon 0peradhu Wer]udJop
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JPL LOW COST CONSIDERATIONS
SPACECRAFT PLANNING AND ANALYSIS
• DESIGN THE SPACECRAFT SO IT CAN BE ANALYZED AT THE
SYSTEM LEVEL
- ENSURE DIRECT MEASUREMENTS OF SYSTEM-LEVEL
PARAMETERS
• MAINTAIN SUBSYSTEM MARGINS
• MINIMIZE INTERACTIONS
• HAVE ROBUST SAFING CAPABIUTY
• MINIMIZE THE NEED FOR REAL-TIME ANALYSIS OF
ENGINEERING DATA
• USE AUTOMATED ANALYSIS TOOLS
Lev Ced Jades Olin.dora WerludJep
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JPL LOW COST CONSIDERATIONS
SCIENCE PLANNING AND ANALYSIS
• USE EXISTING PLANNING TOOLS
CONSIDER COMBINING PLANNING AND ANALYSIS
FUNCTIONS FOR SPACECRAFT AND SCIENCE
INSTRUMENTS
• CONSIDER AUTOMATION OF INSTRUMENT DATA -
GATHERING SEQUENCES
DURING THE DESIGN PHASE, ASK THE QUESTION: HOW
WILL I DETERMINE THE INSTRUMENT COMMANDS BASED
ON SCIENTIFIC PARAMETERS FOR AN OBSERVATION?
• MINIMIZE THE NEED FOR SEQUENCES BASED ON DATA
RECEIVED (ADAPTIVE OR NOT KNOWN)
1my Cod tlbdee OpanauJ W_ GFS. 21
JPL LOW COST CONSIDERATIONS
SCIENCE DATA PROCESSING
USE EXISTING TOOLS
UNDERSTAND THE AVAILABlUTY OF ANCILLARY DATA
NEEDED FOR SCIENCE DATA PROCESSING
UNDERSTAND ROBUSTNESS OF PROCESSING-TO-DATA-
LOSS OR DROPOUTS. REQUIRES UNDERSTANDING OF
THE DATA TRANSPORT PERFORMANCE RELATIVE TO
SCIENCE DATA
- COMPRESSION
- FORMATTING
_mmm_n_ L_ Co_ tlSsdea 01_sltt_s Weehd_p r_cs . _o
JPL LOW COST CONSIDERATIONS
ARCHIVING
DEVELOP THE PLAN EARLY AND ENSURE THAT THE
CAPABILITIES EXIST, RATHER THAN TRY TO PUT
TOGETHER CAPABILITY TO MEET ARCHIVE
REQUIREMENTS LATE
- ANCILLARY DATA NEEDED
- SUPPORTING DOCUMENTATION
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JPL LOW COST CONSIDERATIONS
MOS MANAGEMENT
• ASSIGN STAFF TO MULTIPLE TASKS
• USE GRADUATE STUDENTS FOR SOME FUNCTIONS
• KEEP OPERATIONS ORGANIZATION SIMPLE
• MINIMIZE INTERFACES BETWEEN GROUPS
- LOOK AT RECEIVABLES AND DELIVERABLES FOR EACH
GROUP
• ESTABUSH COST-EFFECTIVE RISK-AVOIDANCE POLICIES
i,,,,vCod I_i_ ol_.d_m, w..k.n,_
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JPL OPERATIONS ORGANIZATIONS
THE FOLLOWING PROJECTS ARE OPERATING WITH
SPECIFIC COST CONSTRAINTS AND HAVE TRADED OFF
CAPABILITIES AND SCIENCE RETURN VS COST
- MARS PATHFINDER
- VOYAGER:
• EXTENDED MISSION
- PLUTO
MOST EARLY PLANETARY MISSIONS WERE OPERATED
UNDER A PERFORMANCE PARADIGM, AND WERE NOT
DESIGNED TO MINIMIZE OPERATIONAL AND LIFE CYCLE
COSTS
z.,w co.a mm.d_ On,..vmoau,Wa.nu,kg
JPL MARS PATHFINDER OPERATIONS ORGANIZATION
with Operations Functional Assignments
Lem Cod Iodu 0per_le_ Wee'k_ep
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Jill VOYAGER FLIGHT TEAM ORGANIZATION CHANGES
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JPL SUMMARY OUTLINE
• SERVICES
• LOW COST CONSIDERA_ONS
• MARS PATHFINDER DEVELOPMENT COSTS
I:::::::_. TECHNOLOGY
• A LOOKTOTHE FUTURE
mmmm_j ' qr.,*_d IIE4_da tpenlte_ W,N,]S_beSLO
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JPL MOSTECHNOLOGY
SPACECRAFT TECHNOLOGY TO ENABLE LOWER COST
OPERATIONS
- MARGINS
- LARGER MEMORIES AND FASTER CPU's
- SOUD STATE MEMORIES AND ONBOARD DATA MANAGEMENT
SPACECRAFT CONTROL AND SEQUENCING
- EVENT-ORIVEN SEQUENCING
- ONBOARD MANEUVER COMPUTATION
- PROCESS CONTROL (RULE-BASED SEQUENCES)
- UPLINK SERVICE SPECIFICATION
- STANDARDIZED DATA COLLECTION, RETRIEVAL, STORAGE,
AND TRANSPORT
ILmwCQ_INlbdoa,Sl_,_ Wodudn_ - 3t
JPL
MOS TECHNOLOGY
SPACECRAFT MARGINS
MICRO-SPACECRAFT TECHNOLOGY MUST ENSURE THAT
SPACECRAFT USING THESE TECHNOLOGIES HAVE
SIGNIRCANTLY GREATER MARGIN THAN THE CURRENT
GENERATION OF SPACECRAFT, ESPECIALLY IN THE
FOLLOWING AREAS:
- POWER
- THERMAL
- TELECOMMUNICATIONS
- DATA STORAGE
- COMPUTATIONAL SPEED
II,mv_ nam,_oaSnNraa,0_WodulM_p
JPL MOS TECHNOLOGYSPACECRAFT MEMORY AND CPU'S
LARGER MEMORIES AND FASTER CPU's WILL ENABLE
USE OF
- STANDARD OPERATING SYSTEMS
- MODERN PROGRAMMING LANGUAGES
- SPACECRAFT AUTONOMY TO REDUCE MISSION OPERATIONS
COSTS
- HIGHER LEVEL SEQUENCE LANGUAGESONBOARD
- HIGHER LEVEL SIMULATIONS (IF REQUIRED),SINCE
ADEQUATE MARGINS WILL EUMINATE NEED FOR MICRO-
SECOND SIMULATIONS
_m'mmmm_ _ llbdomOim.-'aosaW,o_']llAb]hey.
JPL MOS TECHNOLOGYSPACECRAFT DATA STORAGE AND RETRIEVAL
i
DSN OVERLOADING WILL REQUIRE SHORTER TRACKS,
WHICH WILL DRIVE THE NEED FOR LARGER SOUD-STATE
RECORDERS
EASY DATA MANAGEMENT OF THESE RECORDERS (PC-
LIKE EASE) MUST BE INCLUDED TO KEEP OPERATIONAL
COSTS DOWN
- RECORDER MODEUNG OF DATA LOCATION IS COST-
PROHIBmVE
SHORTER DSN TRACKS WILL ALSO DRIVE THE NEED FOR
HIGHER DATA TRANSMISSION RATES FOR THE OUTER
PLANETARY MISSIONS
JOINT SPACECRAFT AND DSN TECHNOLOGY THRUSTS
ARE REQUIRED
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JPL
MOS TECHNOLOGY
SPACECRAFT CONTROL AND SEQUENCING
• EVENT.DRIVEN SEQUENCING
- REQUIRED FOR MISSIONS SUCH AS ASTEROID SAMPLE
- NASA HAS LITTLE EXPERIENCE IN THIS TYPE OF
SEQUENCING BECAUSE WE HAVE DEVELOPED SEQUENCES
IN THE TIME DOMAIN BOTH FOR PLANETARY AND
ASTROPHYSICS MISSIONS
• ONBOARD COMPUTATION OF MANEUVERS
- MORE COMPUTER POWER MAY ALLOW ONBOARD OPTICAL
NAVIGATION WHICH COULD BE REQUIRED FOR SOME
MISSIONS
• UPUNK PROCESS CONTROL
- APPLY RESULTS OF PROCESS CONTROL RESEARCH TO
SPACECRAFT CONTROL
- RULE-BASED SEQUENCING
- CLEMEN'RNE IS USING FIRST SUCH SPACECRAFT AND
GROUND S/W
- NEED TO VAUDATE NEW RULES ON GROUND BEFORE
SENDING RULES TO SPACECRAFT
• IMPLIES COMMON GROUND AND SPACECRAFT SHELL
FOR PROCESS CONTROL
I,*v _ IIl_NlomOlp,wallom W*e']kalm*l_ _.,'m
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MOSTECHNOLOGY
SPACECRAFT CONTROL& SEQUENCING
UPUNK SERVICE SPEClRCATIONS
- THE DOWNMNK SERVICE SPECIFICATION (CCSDS) HAS
ENABLED STANDARDIZATION OF TRANSPORT AND
PROCESSING OF SPACECRAFT DATA
- AN UPMNK SERVICE SPECIFICATION WILL ENABLE THE
STANDARDIZED CONTROL OF SPACECRAFT WHICH FOLLOW
THE STANDARD (FROM A DATA SYSTEM POINT OF VIEW)
- WORK HAS JUST STARTED BUT NEEDS TO BE ESCALATED IN
IMPORTANCE & FUNDING
STANDARDIZED DATA COLLECTION, RETRIEVAL.
STORAGF_ AND TRANSPORT
- THIS FUNCTION IS THE SAME FOR ALL MISSIONS
- WE RE-IMPLEMENT IT FOR EACH NEW PROJECT
- WITH LARGER, FASTER COMPUTERS AND USE OF MODERN
PROGRAMMING LANGUAGES, WE NEED TO DEVELOP THE
SOFTWARE FOR THIS CAPABIUTY THAT WILL WORK ACROSS
SEVERAL SPACECRAFT COMPUTER PLATFORMS AND BE
COMPATIBLE WITH CURRENT GROUND SYSTEMS
qCo_lUl_ndiooOpw.milua_Wodmhop
JPL A LOOK TO THE FUTURE
MISSIONS THAT SPEND THE PROJECT MONEY ON NEW
INSTRUMENTS AND PROCESSING OF DATA AS OPPOSED
TO RE-IMPLEMENTING DATA FUNCTIONS AGAIN
INCORPORATION OF NEW CAPABIUTIES INTO AN
INTEGRATED SET OF TOOLS THAT ARE EASY TO USE BY
ANY PERSON PARTICIPATING IN OPERATIONS
CROSS-TRAINING INDIVIDUALS, AS OPPOSED TO
CREATING A MULTITUDE OF SPECIALISTS
Low Coee llbdea Opet.de_ Wee_bep
JPL WHAT IS THE NEXT STEP?
SEVERAL POSSIBLE WAYS TO INTERACT WITH US AFTER
THIS WORKSHOP
• UNSOUCITED PROPOSAL
• LETTER OF INTEREST
• DESCRIBE SOURCES OF MORE COST-EFFECTIVE
CAPABILmES OR APPROACHES
• GIVE INFORMATION ABOUT CAPABILITIES WE SHOULD BE
AWARE OF PRIOR TO ENTERING INTO FURTHER DIALOG
• DEMONSTRATION OF EXISTING CAPABILITIES THAT
WOULD OFFER COST SAVINGS TO NASA
_ _,_,,_i¸,¸-_,
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Low Cost Mission Operations Workshop
Panelists
Taesday, April 5
Michael Ebersole
Norman R. Haynes
William Kurth
T.D. Linick
Gael Squibb
Wednesday, April 6
Esker K. Davis
Ray Goldstein
Norman R. Haynes
William Kurth
T.D. Linick
Gael Squibb
Tuesday, April 7
John Casani
Norman R. Haynes
Ed Kieckhefer
T.D. Linick
Steve Proia
Gael Squibb

Low Cost Mission Operations Workshop
Panelists
Nme Affiliation Title Organization
Casani, John R. JPL Assistant
Laboratory
Director
Office of Flight Projects
Davis, Esker K. JPL Manager Discovery Office
Ebersole, Michael M. JPL Assistant
Manager
Mars Pathfinder Project
Goldstein, Dr. Raymond JPL Manager Space Physics & Astrophysics
Haynes, Norm R. JPL Assistant
Laboratory
Director
Telecommunications &
Data Acquisition
Kieckhefer, Edward H. JPL Contract
Negotiation
Specialist
Procurement
Kurth, Willam S. University
of Iowa
Consultant Advanced Information Systems
Linick, T.D. JPL Manager Multimission Operations
Systems Office
Proia, Stephen L. JPL Manager NASA Prime Contract Section
Squibb, Gael F. JPL Manager Mission Operations Development
Program Office

Low Cost Mission Operations Workshop
Demonstrations
1. Science Data Processing and Analysis
m
AESOP - Advanced End-to-End Simulation of Onboard Processing
VICAR- Instrument Data Processing Software
LinkWinds - Science Analysis Support System
PLATO - Processing and Display of Image Data from PDS Data Sets
DBVIEW - Science Data Management System Client Software
Mission Design, Planning and Sequencing
SEQ_POINTER - Remote Sensing Observation Generation and Design
PLAN-IT-II - Activity Generation and Integration
SEQ_GEN - Sequence Generation and Integration
SEG Shell and SEG - Sequence of Events Generator and its Operational Shell
Command Translation Tool Kit - Command Mnemonic, Bit Pattern, and
Corresponding Telemetry
3. Data Transport and Delivery
it
m
Telemetry Data Processing Demonstration
Data Query Demonstration
Mars Pathfinder Demonstration
Mission Coordination and Engineering
Navioation
Optical Navigation
Real-Time (Radiometric) Monitoring
XMIRAGE - Orbit Determination Software
Soacecraft Analysis
Flight Software Memory State Track
Mission Control Analysis
MARVEL
VULCAN
Summary
IMOS - Integration Mission Operations System
Small Mission Prototype

Low Cost Mission Operations Workshop
For More Information
If you would like more information about low cost mission operations at JPL, you
may contact these people:
Low Cost Mission Operations at JPL
Gael F. Squibb
Manager: Flight Projects Mission Operations Development Program Office
The Jet Propulsion Laboratory, m.s. 180-401
(818) 354-4086 FAX (818) 393-6800
Email: GAEL F SQUlBB@CCMAILJPLNASA.GOV
Mission Operations for NASA Discovery Missions
Esker K. Davis
Manager: JPL Discovery Office
Office of Space Science and Instruments
The Jet Propulsion Laboratory, m.s. 180-701
(818) 354-4343 FAX (818) 354-0712
Emaih ESKER K DAVlS@CCMAIL.JPL.NASA.GOV
Multimission Operations Systems Office (MOSO)
AI Beers
Manager: Flight Projects Interface Office
The Jet Propulsion Laboratory, m.s. 171-250
(818) 354-3416 FAX (818) 393-4267
Email: AL_BEERS@CCMAIL.JPL NASA.GOV
Office of Telecommunications and Data Acquisition .and the Deep Space Network
Ray Amorose
Manager: TDA Mission Support andf DSN Operations Office
The Jet Propulsion Laboratory, m.s. 303-404
(818) 354-0052 FAX (818) 393-1692
Email: RAY_J_AMOROSE@CCMAILJPLNASA.GOV

Low Cost Mission Operations Workshop
For More Information
For more information about specific presentations and demonstrations, you
may contact these people:
Science Data Processing and Analysis
William Green
Functional Area Manager: Operational Science Analysis
The Jet Propulsion Laboratory, m.s. 168-527
(818) 354-3031 FAX (818) 393-6962
Email: Bill_Green@iplmail.jpl.nasa.gov
Mission Design, Planning and Sequencing
Robert K. Wilson
Functional Area Manager: Planning and Sequencing
The Jet Propulsion Laboratory, m.s. 301-250D
(818) 354-1128 FAX (818)393-5074
Email: ROBERT K WILSON@CCMAIL.JPL.NASA.GOV
Data Transport and Delivery
Robert Edelson
Functional Area Manager: Telemetry
The Jet Propulsion Laboratory, m.s. 525-3600
(818) 306-6279 FAX (818) 306-6925
Email: REDELSON@DEVVAX.JPL.NASA.GOV
Mission Coordination and Engineering
Michael Hill
Functional Area Manager: Spacecraft Analysis
The Jet Propulsion Laboratory, m.s. 301-445
(818) 354-3414 FAX (818) 393-6871
Email: MHILL@CCMAIL.JPL.NASA.GOV

